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INTBODUCTION 
The wood duck (Alx sponsa L.) is the most abundant spe­
cies of nesting waterfowl in most Mississippi Plyway states. 
However, census techniques used for other waterfowl have not 
been suitable for estimating numbers of wood ducks. Conse­
quently, there has been disagreement among waterfowl managers 
concerning wood duck abundance, and reliable population fig­
ures have not been available for evaluating results of wood 
duck management programs and for setting hunting regulations. 
Various states have tried river float counts, nest box checks, 
flight counts, bag checks and other methods for estimating 
wood duck population levels. The Mississippi Plyway Council 
declared that these techniques were not providing adequate 
wood duck population information (Smith, 1959). 
In response, the Iowa Cooperative Wildlife Research Unit 
made a 4-year study of certain wood duck census methods. 
Martin (1959) conducted the first half of the study and con­
cluded that float counts made periodically throughout summer 
on selected stream segments were unsatisfactory for use as an 
index to wood duck populations in Iowa. That study was com­
pleted when Hein (1962) reported results of an investigation 
of wood duck roosting flight counts made in eastern Iowa dur­
ing late summer and fall of 1959 and i960. The data indicated 
that certain features of roost distribution and roosting 
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flights provided a basis for developing an index to year-to-
year changes in wood duck abundance. 
Many questions remained unanswered concerning sensitiv­
ity, reliability and implementation of a roosting flight count 
index. Therefore, a new 3-year study of wood duck roosting 
flight phenomena was initiated with joint support from the 
Iowa Cooperative Wildlife Research Unit and U.S. Bureau of 
Sport Fisheries and Wildlife. Objective of this project was 
to determine influences of environmental factors on wood duck 
roosting phenomena, perfect roosting flight count techniques 
in light of those influences and evaluate roosting flight 
counts for determining changes in wood duck numbers. 
This is a report of the investigation of wood duck roost­
ing flight phenomena, which was conducted primarily on the 
Upper Mississippi Elver Wildlife and Fish Refuge during August 
to November, I96I through 1963, and March to June, 1962 and 
1963. Additional data were collected in April and September, 
1964, and supplemental observations were made outside the pri­
mary study area throughout the investigation. 
Most data from 1959 and 1960 given in this report were 
presented earlier by Hein (1962). However, they are included 
here whenever they extend, strengthen or contradict the newer 
data or when they merit new interpretation. 
Scientific nomenclature follows Fernald (1950) for 
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plants. Miller and Kellogg (1955) for mammals, and American 
Ornithologists* Union (1957) for birds. 
if 
LITEBATUBE REVIEW 
A general review of literature pertaining to the wood 
duck was given by Hein (I962). Since then several important 
additions to knowledge of wood duck ecology, life history and 
habits have accrued. Smith (I96I) contributed results of 
studies in Louisiana from 1950 to I96I emphasizing population 
data and census techniques, Handley (1962a, 1962b) gave re­
sults of research concerning wood duck production in Ohio, and 
Hartowicz (1963) reported on wood duck nesting in southeast 
Missouri. 
The classic paper on wood duck biology was by Heinroth 
(1910), and a valuable recent summary of characteristics and 
habits was given by Delacour (1959). The outstanding source 
for information on management was a Doctor of Philosophy 
thesis by Stewart (1957) and a series of subsequent papers 
from his studies in Ohio. 
Wood Duck Boosting Plights 
Specific references to wood duck roosts are meager in 
early literature. First published account of a roost, de­
scribed as such, was apparently by Gigstead (I938), who ob­
served three roosts near Havanna, Illinois, one used by 4,200 
wood ducks. Earlier writers such as Forbush (1912) mentioned 
evening concentrations of wood ducks, which were undoubtedly 
roosts. Phillips (1926) observed a flock of 20 wood ducks and 
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recorded less than 15 minutes variation in time of termination 
of evening flight activity. 
Boosting flight counts have been used as an index to pop­
ulation abundance in several states. In Tennessee, Barstow 
(i960) reported that counts from I90 roosting flights in 1959 
totaled 5*536 wood ducks. Smith (1958a) reported that from 
1954 to 1957 in Louisiana 80 roosting flight counts totaled 
2,442 wood ducks. He stated that the technique did not pro­
vide a satisfactory index to population changes due to effects 
of variation in amount and distribution of surface water. 
Speake (1955) made counts at small roosts in swamp areas in 
Lee County, Alabama to supplement data from reconnaissance 
trips to census waterfowl on small areas. These counts were 
inaccurate due to difficulties in seeing birds flying below 
tree top level at dusk and because it was often possible to 
count birds more than once as they circled the roost. 
In Ohio, Stewart (1958a) concluded that roosting flight 
counts were useful for following trends in populations and 
that they were most reliable in habitat islands with rela­
tively stable conditions from year to year. Stewart (1958b) 
described late summer concentrations of wood ducks, which be­
gan with preflying broods and culminated in loose groups of 
100 to 150 birds after all had attained flight. One brood of 
six was known to have flown 8 miles to a post-brood congrega­
tion area. Boosting flights at these concentration areas 
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lasted about 1 hour in evening with arrivals usually in flocks 
of one to 20 birds. Morning departures were usually in larger 
flocks, and illumination was less than at time of evening 
flights. Stewart (1957) measured light during five roosting 
flights and concluded that there was little or no relationship 
between time of flight and light intensity. The breakup of 
these late summer concentrations was described as a radial 
dispersal occurring within a few days of October 1. Most wood 
ducks of all ages and both sexes moved into stream habitat 
within 20 miles of lakes or ponds where they had earlier con­
centrated and roosted. Some traveled several hundred miles. 
Stewart (1959) further commented that radial dispersal in 
Louisiana was several weeks later than in Ohio. 
Martin (1957a) reported a survey of conservation officers 
in 92 Indiana counties; 80 respondents listed 71 fall concen­
tration areas where 25 or more wood ducks were observed during 
any 1 day in fall, 1956. Only two reported more than 300 wood 
ducks; one area held 3,000. ' Most of these were probably 
roosts. Martin (1957b) recorded flight activity at two Indi­
ana roosts in 1956 and 1957. Morning departures usually began 
about one-half hour before sunrise with a mass departure 
usually about 20 minutes before sunrise. No flight activity 
was recorded subsequent to 45 minutes after sunrise. Evening 
flights began before sunset with most of the birds arriving 15 
to 30 minutes after sunset. However, on a rainy evening the 
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bulk came 15 minutes earlier. Usually 15 to 30 per cent re­
turned to the roost during the day to loaf. The writer recom­
mended that a count from 30 minutes before to 30 minutes after 
sunset be made to include nearly all birds using the roost. 
Schreiner (1950) made counts at two roosts in southeast 
Iowa at Lake Odessa in the Mississippi Hiver bottoms. Prom 
August 1 to October 1 average flock size was 6.03 for 4o6 
flocks counted in evening roosting flights. Schreiner first 
noted wood ducks using the roosts on August 3 and believed 
the flocks to be family groups. Counts fluctuated as observa­
tions were made irregularly through August, September and early 
October. Fluctuations were attributed to migration in and out 
of the area. Highest counts were 669 at one roost on Septem­
ber 8 and 664 at the other roost on October 19. 
Martin (1959) also observed fall roosting flights in the 
Lake Odessa area and near Clinton, Iowa, and he stated that 
roosting flight counts merited investigation as a census tech­
nique superior to river float counts. From the same study 
Martin and Haugen (i960) described seasonal changes in times 
of flights at a roost at Muskrat Lake, Louisa County, Iowa 
during August through October, For each 10-day period that 
passed, wood ducks left the roost an average of 4 minutes 
earlier with respect to sunrise, and evening flights arrived 
an average of 7 minutes later with respect to sunset. 
Hester and Quay (196I) reported observations of 40 eve­
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ning flights at three roosts in North Carolina during 1953, 
1954 and i960. As the season advanced from mid-October to 
early January, flights began 1,9 minutes later with respect 
to sunset for each 10 days elapsed. Times of peak and end of 
flight periods likewise decreased in relation to sunset. 
Flock size ranged from one to 20 with pairs comprising 35 per 
cent of 8l4 flocks observed. Flock size of two became more 
common in January, indicating formation of pair bonds. The 
roosts were in swamp and marsh areas of 8, 40 and 85 acres, 
Hein (1962), from a preliminary study preceding this In­
vestigation, described 21 wood duck roosts in northeast Iowa 
and adjacent areas of the Mississippi River bottoms. Data 
from 161 evening and 92 morning flight periods in 1959 and 
i960 Included counts ranging from 137 to 5,^ 00 wood ducks at 
active roosts. Seasonal patterns of changes in roosting popu­
lations were described, and average peak premigration popula­
tion was 650 per roost about September 20. No rule governing 
distribution of roosts was found, and characteristics of 
roosting habitat were variable. Seasonal changes in times of 
roosting flights were noted which were similar to reports of 
earlier workers. Becommendations for finding roosts and mak­
ing counts were given. Suggestions were made for further 
studies to determine reliability of roosting flight count 
index, to Investigate factors affecting wood duck roosting 
behavior and to study roosting habits of wood ducks in spring 
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as well as In fall. A detailed description of a roost and 
roosting flights at Paint Creek, Allamakee County, Iowa was 
given by Hein (196I), 
Boosting Habits of Other Birds 
The extensive literature concerning roosting habits of 
other birds was of little value in designing this study or in 
interpreting the data. Yet, some interesting comparisons 
were provided by a review of literature, primarily that since 
1950. 
Davis (1955) cited over 50 references in an extensive 
review of roosting habits of starlings (Sturnus vulgaris L,). 
Also, he made 281 counts over 5 years at a starling roost in 
Baltimore, Maryland and found that curves of seasonal changes 
in roosting numbers was the same in different years with the 
peak in September, Photometer readings showed no correlation 
with time from sunset at which 50 per cent of the birds had 
arrived at the roost, Davis (I963) added that no observable 
relationship was found to temperature or photometer readings 
in time of morning arrival of starlings in a residential dis­
trict of Baltimore, However, the birds arrived from the roost 
5,5 minutes earlier on clear than on cloudy mornings. 
In more recent reports Lint (1959) found that starlings 
used the same overnight resting place near Khaapsalu, Russia 
every night for over 5 years. Settling for the night was 
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preceded by a reconnaissance conducted by the first flock to 
arrive. Delvingst (i960) made a detailed study in Brussels 
and found no segregation of different populations at the roost 
as occurred among starlings at roosts in London. Also, roosts 
were occupied by territory-holding birds some time after pair­
ing, Kuroda (1960) reported roosting habits of starlings in 
Japan, and Thompson and Coutlee (1963) described population 
structure of starlings at a roost in Detroit, Michigan. 
Mitchell (1963) reported results of 101 experimental opera­
tions with a floodlight trap at roosts in which about 672,000 
birds, mostly starlings, were captured, 
Badar was a powerful new tool in studying roosting birds, 
especially starlings. Harper (1959) used radar echoes from 
movements of large flocks to aid in discovery of roost sites. 
Badar showed that departures were in several large waves just 
before sunrise, while in evening, approach flights congregated 
in great numbers at sunset. Then the starlings moved en masse 
to the nearby roost about 30 minutes after sunset. An excel­
lent reference to use of radar to study roosting was by East­
wood et al, (1962), They used radar film records to get an 
estimate of one starling per acre in a 5,000-square-mile study 
area in England. They found that dispersals from widely sep­
arated roosts were approximately simultaneous and that star­
lings tended to fly out earlier and return later, relative to 
the sun and hence to light intensity, in winter than in 
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summer. Also, mean air speed of departing birds was greater 
in winter than in summer, and earlier birds flew faster than 
later departures. A 360-degree dispersal was sometimes fol­
lowed by evening assembly from one direction only. 
The most detailed account of roosting by other "black­
birds" was by Bliese (1953) who described roosting at two 
areas used by bronzed grackles (Quiscalus quiscula L.) at 
Ames, Iowa, Coombs (I961) found times of coming and leaving 
the roost were related to sunrise and sunset but were highly 
variable for rooks (Gorvus frugilegus L.) and jackdaws (Ç. 
monedula L.) in England. Also, rooks from some rookeries 
used two roosts. Lundin (I962) reported observations of 
roosting by jackdaws in Sweden. There was an increasing 
tendency for birds to arrive later relative to sunset as win­
ter approached, and in spring they arrived earlier with re­
spect to sunset. Aschoff and Hoist (1958) showed that for 
jackdaws roosting at Heidelberg, Germany, morning flights 
changed as the start of civil twilight changed, and evening 
flights likewise changed with changes in time of end of civil 
twilight throughout the year. 
Recent accounts of roosting habits of other birds include 
Prazier and Nolan (1959) who observed five to Ik eastern blue­
birds (Sialis sialis L.) roosting together during five clear, 
cold nights in February. Retirement was earlier and rising 
was later when temperature was lowest. King and Wales (196^ ) 
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discussed caloric expenditure of roosting rosy finches (Leu-
costicte sp.'), and Graczyk (196I) investigated collective 
night lodging of house sparrows (Passer domesticus L.), in 
Illinois, Klimstra and Ziccardi (1963) described night-roost-
ing habitat of bobwhites (Collnus vlrginianus L.), which 
showed a strong preference for vegetation with low, sparse, 
open canopies. Changes in annual land use resulted in shifts 
of roosting areas but not necessarily in reduced populations, 
and low densities of bobwhites in some areas might have been 
due to lack of suitable roosting cover. Stlckel (1964) ob­
served roosting habits in Illinois of red-bellied woodpeckers 
(Centurus cardinus L,). Differences in roosting times at dif­
ferent seasons were noted, and times of arrivals and depart­
ures from roosting cavities were coordinated with sunrise and 
sunset. Also, times of evening flights were different for 
males and females at some seasons. Nocturnal roost of six 
species of migrating shorebirds (subfamily Tringinae) were 
described by Swinebroad (1964). Timing of evening flights to 
roosts on mud flats seemed to be influenced by light intensity 
and timing might have been modified by behavior preceding 
migration. Thus, deviations from expected roosting flight 
times might have provided a clue to premigratory disposition 
of the flocks. 
A valuable study by Seibert (1951) reported observations 
of little blue herons (Florida caerulea L.), common egrets 
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(Casmerodlus albus L.), green herons (ButorIdes vlrescens L, ), 
snowy egrets (Leucophoyx thula Molina), and black-crowned 
night herons (Nycticorax nyctiooraz L,) at a roost in New Jer­
sey. He found that order of arrival and departure of the five 
species was in a definite sequence and that time of sunset and 
sunrise was the most important factor controlling arrival and 
departure times of all species. Night-roosting herons de­
parted at lower light intensity than when they returned; day-
roosting herons returned when light intensity was lower than 
when they departed. 
Reports of certain flight activities of other ducks were 
reviewed for comparison with roosting flights of wood ducks, 
Breckenridge (1953) observed evening flights by goldeneyes 
(Bucephala clangula L.) to a rafting site on the Mississippi 
Eiver in Minnesota, Light variation at low intensities at and 
soon after sundown initiated the flights, while rapidly chang­
ing higher intensities had no effect, Weller (1964) stated 
that timing of flights of ducks to a feeding area is influenced 
by light conditions and size of the populations—apparently 
social facilitation playing a role. Winner (1959) studied 
periodicity of field-feeding flights of black ducks (Anas 
rubripes Brewster) and mallards (Anas platyrynchos L.) in 
Ohio. Time of initiation of flights was correlated with size 
and species composition of the population but not with mean 
daily temperature, waterfowl hunting hours, or absolute values 
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of light intensity. Similar field-feeding flights by water­
fowl in Manitoba followed schedules probably influenced by 
light intensity, weather, hunger, and possibly other factors 
(Bossenmaier and Marshall, 1958). Brackbill (1952) observed 
migrant waterfowl stopping on reservoirs near Baltimore and 
found that different departure times in evening were charac­
teristic of different species and that departures on cloudy 
evenings were usually earlier. Characteristic predeparture 
activities including bathing, diving and wing-flapping were 
described for pied-billed grebes (Podilymbus podiceps L. ), 
scaup (Aythya sp.), bufflehead (Bucephala albeola L.), old-
squaw (Clangula heyemalis L, ), ruddy duck (Oxyura .jamaicensis 
Gmelin), and coot (Fulica americana Gmelin), 
Factors Controlling Boosting Activities 
Why some birds gather in roosting congregations has not 
been explained. However, Werth (1958) pointed out that gre-
gariousness is a basic avian characteristic which evolved 
early, and birds have undergone adaptive radiation away from 
it by the increase of aggressiveness between individuals in 
response to differing modes of life, Moynihan (1958) stated 
that among characters which seem to be adapted to promote 
gregariousness directly, by increasing or facilitating the 
tendency of birds to join one another, are flash patterns on 
wings, rump and/or tail, conspicuous coloration, call notes. 
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ritualized flying Intention movements, and Increased general 
mobility or restlessness. Neutral coloration and a type of 
social mimicry promoted mixed flocks of several species. Par­
tial loss of responsiveness to certain hostile stimuli and 
development of special behavior to dissipate hostility harm­
lessly were adaptions for promoting gregariousness. 
Wynne-Edwards (1964) advanced an intriguing hypothesis to 
explain community displays such as flights of ducks at dusk 
and massed maneuvers of starlings at their roost. He sug­
gested that these synchronized outbursts gave an indication 
of numbers present in the populations. Thus, they provided 
an index of population density in the habitat from day to day, 
and so fed information to the group that caused it to auto­
matically increase activities that might be necessary to re­
store a balance between density and food supply. 
Advantages of warmth and protection at roosts have been 
recognized (Thompson and Coutlee, 1963). Pox (1952) reminded 
that animals often have an inborn urge to copy one another, 
and this may be of value to the roosting company. If one were 
startled by a predator, all would escape, 
Gracyzk (I96I) concluded that collective lodging at night 
by house sparrows was not evoked by amy environmental factor, 
but was of a sociological, behavioristic nature, Thompson 
and Coutlee (I963) agreed with Jumber (1956) that stimulus for 
leaving feeding areas and flying towards a roost probably 
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Involved light intensity. However, once in the vicinity of 
the roost, starlings seemed to respond more to some social 
stimuli, Allee (1958) regarded roosting as a positive social 
appetite that grew stronger with the approach of darkness, 
although details of how and why it operated were unknown. 
The roles of light and time in governing times of roost­
ing flights may be similar to their roles in relation to day­
break and evening songs of birds as described by Leopold and 
Eynon (I96I), who recorded times and light intensities for 
first daybreak or last evening songs of 20 species in Wiscon­
sin. It seemed probable that some birds, at least, awaken 
endogenously, test their environment during an anticipatory 
period, and sing when light reaches a certain intensity. 
Cessation at evening might have been due to fatigue, waning 
drives, or a fading stimulus, but none of these nor endogenous 
components in activity rhythms could be verified in the field. 
Modifying effects of moon, clouds and weather were noted. 
Earlier departures in morning and later arrivals at the 
roost in evening have been noted for many species as fall 
advances, Lundin (I962) explained that starlings thereby com­
pensated for shortening of daylight feeding period during the 
critical winter season, Seibert (1951) added that herons 
leave the roost to feed at a lower light intensity than those 
returning to the roost because of an added hunger stimulus. 
Also, colder temperatures caused earlier departures from the 
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heron roost to feed because of Increased energy demands. 
Hochbaum (1955) stated that dally feeding flights of water­
fowl were governed by metabolic and solar cues. 
Kuroda (i960) gave factors for selection of roosts by 
starlings In Japan as safety and environment, presence of both 
roosting and gathering places, kinds of plants, size of roost, 
and correlation with flock size. Factors for changing roosts 
were overpopulation or flocking effect, natural or human fac­
tors, special attractions, following effect or flock psychol­
ogy, and environmental factors, especially a change of feeding 
grounds. 
Mathews (1962) described the release of captured mallards 
near their roost. They usually exhibited northwest orienta­
tion even when released north of the roost indicating that 
regaining the roost was not of paramount importance. 
Estimating Wood Duck Populations 
Yancey, et al. (1958) reported to the Mississippi Plyway 
Council that satisfactory methods of censusing wood ducks were 
unknown. The wooded and dispersed habitat used by this duck 
had made accurate aerial census Impossible and ground census 
impractical. In addition to roosting flight counts, for which 
a literature review has been given, a variety of methods were 
tried or are being used to estimate wood duck numbers. 
General reconnaissance of wood duck habitat was the basis 
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for most population estimates made prior to 1950 (Hein, 1962). 
Speake (1955) believed that such counts were usually 100 per 
cent accurate on small areas in Alabama, Martin (1959) used 
reconnaissance checks of nearby ponds and marshes to supple­
ment wood duck population data collected on Iowa rivers, 
McCall (1952) reported that reconnaissance trips to potholes 
and lakes in Indiana were discarded as a wood duck census 
method, 
Hiver float counts were investigated in Indiana by Mum-
ford (1952) from 1949 through 1951 on 23 transects totaling 
288 miles. He concluded that they gave usable data under 
favorable conditions, McCall (1952) judged the method suc­
cessful on small Indiana streams. In Ohio, Stewart (1958a) 
found that river float counts with one trip in each of April, 
May and June were not sufficiently sensitive to show anything 
but major changes in wood duck numbers. He suggested that if 
all three trips were made within a short period, estimates of 
variance could be obtained, Martin (1959) concluded that 
river float counts were unsuitable in Iowa, primarily because 
they failed to reach major segments of the wood duck popula­
tion in off-river marshes and ponds. 
Yearly changes in per cent of occupied nesting boxes have 
been used as an indicator of fluctuations in wood duck numbers, 
Stewart (1958a) reported that the method probably gave the 
best estimate of population changes of all techniques studied 
19 
in Ohio. He recommended that nesting box checks be supple­
mented with post-nesting roosting flight counts for a more 
accurate appraisal of production. In Louisiana, Smith (1958b) 
reported that an 8-year study of nesting box checks indicated 
that number of boxes needed to reflect population changes was 
prohibitively high. Habitat changes, deterioration and de­
struction of boxes, and different manners of collecting data 
in different years clouded the results. In New Hampshire 
statistical analysis of data from nest boxes during 19^ 9 to 
1955 yielded a 95 per cent confidence interval of 37,6 to 
50.4 per cent annual usage, and a figure outside of those 
limits was considered as indicative of a change in the breed­
ing population (Lee, 1955). Nest box checks were abandoned 
in Indiana due to deterioration of many boxes (McCall, 1952), 
Grice (1959) reported that 1400 boxes were checked annually 
as an index to wood duck abundance in Massachusetts, 
Stoudt (19^ 0) developed a method of sampling all habitat 
types by means of permanent transects selected to usually in­
clude over 50 per cent of the waterfowl, while sampling less 
than 10 per cent of the total area. With few modifications 
this technique was still used 25 years later by most wildlife 
managers to estimate production of waterfowl including wood 
ducks, Stewart (1958a) reported that such brood inventories, 
unless of an intensive nature and supplemented with trapping 
and banding, gave a very insensitive measurement of wood duck 
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production or population. Transects checked from an auto­
mobile were tried and abandoned in Indiana (McCall, 1952), 
Stewart (1958a) found counts of feeding flights useful 
for following isolated populations of wood ducks, but problems 
peculiar to individual areas limited their usefulness for 
general application, 
Hammond (1959) described spring counting procedures and 
sampling methods recommended for estimating breeding popula­
tions of ducks in prairie marsh and pothole habitat. The 
biological basis for his recommendations proved to be appli­
cable to this wood duck study when differences in habitat were 
considered. In this study, techniques developed to estimaté" 
populations exploited the same general prenesting and early 
nesting behavior exhibited by wood ducks that Hammond de­
scribed for prairie ducks. These were the following: First, 
there is often an early morning flight from the area used at 
night, usually larger water areas, to surrounding smaller 
water areas which may be used as takeoff points for,nesting 
activities; fairly great distances may be involved. Second, 
pairs often spend fairly long periods in the prenesting and 
early nesting stages on land, exploring potential nest sites. 
Third, during the laying and early incubation stage, the male 
usually waits for the female on a small water area, or on the 
edge of a larger water body or marsh. Finally, for each 
species the best counting dates are those from the beginning 
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of prenesting activity, as Judged by the occurrence of early 
morning flights over land and nesting cover, to the period 
when males begin abandoning their mates and flocking together 
in groups of five or more; for an individual pair, this is at 
least 2 weeks. For practical purposes, this period, for a 
species, is about 2 weeks, from the first wave of prenesting 
activity to first wave of male flocking. 
Wood Duck Management 
The Mississippi Flyway Council proposed a policy for wood 
duck management as follows: consider the wood duck a special 
challenge to the waterfowl managers of the Flyway both because 
of its range within the Flyway and its considerable appeal to 
bird-watchers as well as potential contributions to the sport 
of wildfowling; and strive for harvestable numbers by deter­
mining and applying appropriate management measures (Schoen-
feld and Hine, 1958). 
Peck (1911), an early trapper, believed that he found 
the center of abundance of the wood duck on Cedar River, Iowa, 
in i860. Wood ducks were very numberous in the Mississippi 
Valley up to about I880 according to Morf (1942). Populations 
declined under relentless hunting and habitat destruction 
until many ornithologists believed that the wood duck was 
headed for extinction. The Migratory Bird Treaty Act gave 
special protection to the wood duck, and a closed season 
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lasted from 1918 to 1941, when a bag limit of one was per­
mitted; in 1962 the bag was increased to two wood ducks per 
day. Bellrose (1964a) attributed a decline in wood duck 
breeding numbers in Illinois in mid-1940*s to heavy nest 
losses to raccoons (Procyon lotor hlrtus Nelson and Goodman). 
Schoenfeld and Hine (1958) and Smith (1959) stated a general 
belief that wood duck numbers declined in the Mississippi 
Plyway from early to late 1950*8. Prehunting season estimates 
for wood ducks in Atlantic and Mississippi Plyways were tenta­
tively given as 2.6, 2.7 and 3,7 million in I96I, I962 and 
1963 (Smith, 1964a). 
A popular and sometimes successful wood duck management 
program has been to provide artificial nesting cavities. Most 
recent recommendations for construction and placement of nest­
ing boxes were by Bellrose (1964a). 
Trapping and banding has been a successful management 
endeavor in recent years. Stewart (1958c) described bait-
trapping techniques which with slight modifications have been 
used to band over 20,000 wood ducks annually in the Mississippi 
Plyway in recent years (McCann, 1964). Preliminary experi­
ments in drive-trapping wood ducks on roosts were successful 
in Maryland, and over 800 birds were caught in one operation 
(Smith, 1964b), Similar attempts in Texas had mediocre suc-
cuss with less than 50 wood ducks captured; however, much was 
learned to improve the technique (Charles Stutzenbaker, Port 
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Arthur, Texas; personal communication, March 15, I965), Cum-
mlngs and Hewitt (1964) described capture of waterfowl in­
cluding roosting wood ducks with night-lighting equipment on 
an air-thrust boat; cost was less than 60 cents per bird. 
The value of refuges to waterfowl management was outlined 
by Bellrose (1954) with the suggestion that in continuous 
habitat refuges of at least 1,000 acres should be about 50 
miles apart # Decker (1959) proposed a system of small refuges 
to reduce high hunting kill of wood ducks in areas of limited 
habitat and high hunting pressure, Martin (1957b) suggested 
that a system of wood duck roosting area refuges might be 
worked out. 
Importance of hunting regulations in waterfowl management 
was emphasized by Gels (I963) who pointed out that, unlike 
resident game species, increased hunting mortality of water­
fowl was not compensated for by either a reduction in non-
hunting mortality or by increased production, Morrissey 
(1947) credited hunting for a fall population of wood ducks 
80 per cent below normal in 1943 on a y-square-mlle study 
marsh near Princeton, Iowa, Martin (1957b) and Smith (1958a) 
recognized that gunning pressure before sunrise or after sun­
set was especially heavy on wood ducks, and Speake (1955) 
observed that shooting wood ducks as they came to roost at 
dusk kept them away from a swamp. Green (1963) presented 15 
years of bag check data from the upper Mississippi Elver which 
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indicated that changing opening dates had a definite bearing 
on the harvest of certain species including wood ducks. 
Grice (1959) explained that kill on nesting areas was of 
great importance. Since wood ducks exhibited a strong site 
tenacity and low tendency to pioneer, they were subject to 
overharvest in early hunting seasons; later openings found 
local populations diluted by migrants, Grice also pointed 
out that a restricted bag limit was most ineffective when wood 
ducks were scarce. Sieh and Aspelmeler (I962) likewise re­
ported a decrease in wood duck kill when the hunting season 
opened later. Delyalng the opening from October 15, i960 to 
October 21, I96I was primarily responsible for a 68 per cent 
drop in the wood duck harvest at Lake Odessa in southeast 
Iowa. 
Evidence of successful management was a Heport of the 
Game Technical Committee (1964) that on the Upper Mississippi 
fiefuge in I963 wood ducks were the most abundant species (29 
per cent) in hunters* bags for the first time in history. 
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DESCRIPTION OF STUDY ABEAS 
In the upper Mississippi River Valley and adjacent areas 
included in this study, three main types of wood duck habitat 
were recognized. The marshes, swamps, islands, and sloughs of 
the Mississippi River bottoms (Figure 1) supported the densest 
population of wood ducks. However, other rivers and tribu­
taries provided a more dispersed habitat type, and wood ducks 
outnumbered all other waterfowl in this stream habitat (Figure 
2). "Inland" marshes (Figure 3) supported important local 
populations of wood ducks, especially in eastern and northern 
Iowa. 
Data were collected at 52 fall roosts in five states 
(Figure 4). However, the main investigation was concentrated 
within a lOO-mile-long segment of the Mississippi River bot­
toms extending north from Dam 11 at Dubuque, Iowa to Dam 8, 
about 5 miles north of the Iowa-Minnesota border (Figure 5)• 
This area, essentially Mississippi River Pools 9» 10 and 11, 
was designated the primary study area. The research effort 
was most intensive in Pool 10. 
Physical Features 
Most of the bottomland wood duck habitat in the primary 
study area is part of the Upper Mississippi River Wildlife and 
Fish Refuge managed by the U.S. Bureau of Sport Fisheries and 
Figure 1. The sloughs, wooded islands and marshes of 
the Mississippi Hiver bottoms near Lansing, 
Iowa were typical of a major habitat type 
for wood ducks in the upper Missippi River 
Valley 
Figure 2. Meandering streams of Mississippi River 
tributary systems such as Elk River, Clinton 
County, Iowa provided one of three major 
habitat types for wood ducks included in 
this study 
Figure 3, Many inland Iowa marshes such as Unit H-3 at 
Union Slough National Wildlife Refuge supported 
important numbers of wood ducks 
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Figure 4. Locations of 52 fall wood duck roosts, 1959-1964 
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Figure 5* Locations of wood duck roosts In Mississippi Blver 
Pools 9f 10 and 11 during fall, 1959-1964 
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Wildlife, Water levels are held relatively stable by the 
Corps of Engineers in order to maintain a 9-foot channel-
depth for navigation. The upper ends of Pools 9, 10 and 11 
consist of wooded islands and sloughs much as existed before 
impoundment. Extensive marshes fonn middle parts of each 
pool where shallow water covers many old meadows. Open water 
areas predominate at the lower end of each pool; these deep, 
open water expanses are most extensive in Pool 11 and smallest 
in Pool 10, The bottoms are 1 to 3 miles wide. 
The Wisconsin Eiver, entering near the middle of Pool 10 
is a major feature of the primary study area. Average flow 
of the Mississippi River is about 32,000 cfps at McGregor, 
Iowa, just above the confluence of Wisconsin and Mississippi 
Rivers, and the flow is about 47,000 cfps at Clayton, 8 miles 
downstream (Myers, 1963). Largest marshes are north of the 
Wisconsin River mouth (Green, i960). Other tributaries are 
important extensions of habitat for wood ducks, and in Pool 10 
the precipitous bluffs bordering the floodplain are inter­
rupted by valleys of 11 tributary streams and 20 intermittent . 
watercourses. 
Geologic history of the primary study area is revealed 
in the faces of Mississippi River bluffs, which rise up to 
600 feet above the bottoms. Various limestones, sandstones 
and shales of Cambrian, Ordovician and Silurian origin form 
successive layers (Steinhilber, et al,, 1961). These convex 
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strata dip north and south from Lansing, Iowa (Calvin, I895). 
Climate of the upper Mississippi Hiver research area is 
characterized by warm, humid summers and cold winters (Eeed, 
1941). Mean annual temperature in Allamakee County, Iowa, 
which borders Pools 9 and 10, is 46° F with extreme records 
of 111° P; and -37° P. Near the river the climate is notice­
ably milder. Precipitation averages 33 inches annually with 
two-thirds of it coming during May through September (Stein-
hilber, et al,, I96I). Some important features of the weather 
during periods of field work for this study are given in 
Table 1 (all tables are in the Appendix). 
Vegetation 
Flora of the upper Mississippi River Valley, although 
primarily Alleghanian, has representatives from a "pseudo-
Carolinian zone" which extends north along the Mississippi, 
A few Canadian Zone forms are found, and there is also con­
siderable overlapping of eastern species and species usually 
found farther west (Green, i960). 
In the primary study area and most of the region reached 
during this investigation, linden-maple is climax on uplands 
with oak-hickory a dominant subclimax association covering 
more area (common and scientific names of plants are listed in 
Table 2, Appendix)• Linden, sugar maple, black walnut, and 
butternut dominate the climax vegetation. Dry uplands are 
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characterized by bur oak and serviceberry; shagbark hickory, 
white oak, northern red oak, black oak, and American hazelnut 
are typical species on molster upland sites (Tolstead, 1938). 
Elm-ash dominates the flood plain, and willow-maple is a 
transitional association on wet sites. American elm, slippery 
elm, green ash, black willow, and box-elder form the dominant 
associations of trees in the bottomlands. Smartweeds, docks, 
stick-tight, cyperus, cordgrass, sedges, and rlce-cutgrass are 
the most abundant species in associations on mud flats and wet 
meadows in the Mississippi Elver bottoms. 
In the semiaquatlc association vigorous stands of emerg-
ents are encroaching on the open water areas (Green, i960). 
In order of relative abundance, river bulrush, arrowhead, 
American lotus, wild rice, bur-reed, and cat-tail are common 
emergents in the primary study area. Many species of pond-
weeds, coontall and water-weed are typical submergents. 
Floating mats of duckweeds, water meal and water-velvet cover 
areas of quiet waters during summer. 
Pall Boosts of Wood Ducks 
There was no way to identify a roost except by finding 
wood ducks using it. In large blocks of wood duck habitat, a 
detailed description of a particular roost would usually fit 
the surrounding area just as accurately. Yet, roosts were an 
essential component of wood duck habitat, and the birds 
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usually returned to the same spot night after night and year 
after year (legal descriptions of 52 fall wood duck roosts 
are given in Table 3). 
Boosts were always located in emergent vegetation, most 
often with open water constituting 10 to 80 per cent of the 
roost area (Figure 6), However, wood ducks sometimes roosted 
among emergents where the vegetative cover over the marsh com­
pletely hid the water (Figure 7). Species of vegetation at 
the roost was unimportant; lotus, river bulrush, and arrow­
head were most often used, probably because they were the most 
abundant emergents. Wood ducks sometimes changed from one 
species of roosting cover to another when water level changes, 
cold weather, or muskrats altered vegetation in a roost marsh. 
•Area was also variable and was loosely related to numbers 
of wood ducks using the roost. The largest population was in 
i960 at Green Island roost, Jackson County, Iowa, where approx­
imately 5,400 wood ducks gathered at three foci within an area 
of slightly less than 1 square mile (Figure 6). The smallest 
roost was a farm pond of less than one-half acre in Clayton 
County, Iowa, where 200 woodies roosted among sparse willows 
(Figure 8). Exact areas of most roosts were impossible to 
determine, since birds usually dispersed somewhat by swimming 
into denser cover after landing at the roost. 
Mississippi Biver Pool 10, an intensive study area, was 
divided into seven areas of bottomlands (Figures 9 through 15). 
Figure 6, Green Island, Jackson County, Iowa was a 
typical wood duck roost with stands of 
emergent vegetation such as lotus interspersed 
with open water 
Figure 7. Emergent vegetation, primarily arrowhead and 
lotus, completely covered Pollic Pond near 
Cassville, Wisconsin where over 1,800 wood 
ducks roosted in October, 1962 
Figure 8, A farm pond near Elkader, Iowa was the most 
open and the smallest roost found; yet, 
approximately 200 wood ducks came there from 
Turkey River to roost in 1962 
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Figure 11. Wood duck study areas in Horseshoe bottoms of 
Mississippi Biver Pool 10 
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Figure 14. Wood duck study areas in Bagley bottoms and 
French Island of Mississippi Biver Pool 10 
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Pool 10 included 49,4 square miles of wood duck habitat un­
excelled in quality by any area reached during this study. 
Six roosts were used by the pool's wood duck population. 
These ranged from less than 10 acres to more than 300 acres, 
and they were in practically every type of emergent vegetation 
present in the pool. Water depth at these roosts ranged from 
about 6 inches to 4 feet. When water levels fluctuated out­
side of these depths, roosts became open water or mud flats, 
and wood ducks shifted roost locations. Descriptions of these 
six roosts included most features of other roosts in the Mis­
sissippi Hiver bottoms. 
Harpers bottoms contained 12.5 square miles of sloughs. 
Islands and marshes in the largest block of wood duck habitat 
in Pool 10. Most wood ducks in this area passed over miles of 
seemingly ideal roosting habitat to terminate their evening 
flight at St. Paul Slough roost 1 mile north of Dam 9 (Figure 
9). Flights also came from several directions in Pool 9 to 
roost in 40 acres of sparse lotus stands dispersed in 300 
acres of open water at St. Paul Slough roost, 
Ambro bottoms provided 8.3 square miles of excellent wood 
duck habitat (Figure 10). Most of the wood ducks joined those 
from south Harpers bottoms at a roost near the mouth of Paint 
Creek, described by Hein (196I). In I963 the roost marsh was 
dry, and wood ducks roosted at two or more sites in north 
Ambro bottoms. In other falls Paint Creek roost was a 10-acre 
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marsh, where most birds roosted in 4 acres of river bulrush, 
arrowhead and smartweed. Yellow Elver roost was In a lOO-acre 
marsh at Flat Lake in the south Ambro bottoms, Lotus provided 
roosting cover until high water and cold weather eliminated 
it, and wood ducks changed to river bulrush on the periphery 
of the marsh for roosting cover. Most birds using this roost 
flew west each morning to lower Yellow River Valley and re­
turned to Flat Lake at sunset. 
Horseshoe and Wisconsin Hiver bottoms totaled 7.8 square 
miles of wood duck habitat including the largest marshes in 
Pool 10 (Figures 11 and 12). Most woodies in these bottoms 
gathered at Wisconsin Elver roost each evening during late 
summer and fall. This was the most variable roost in Pool 10, 
and its center moved as far as 1 mile during some falls. How­
ever, the main roost area was usually less than 100 acres. 
Wood ducks came from all directions to roost in wild rice, 
river bulrush, or lotus. 
Sny-Maglll bottoms constituted 4.4 miles of marshes, 
wooded islands and sloughs that were ideal for wood ducks 
(Figure 13). The birds flew to Glass Lake in the Bagley bot­
toms and joined wood ducks in that area to roost in 100 acres 
of wild rice, the largest stand found south of Minnesota dur­
ing this study. Numerous other waterfowl and redwlnged black­
birds (Agelaius phoenlceus L.) added their numbers to the 
spectacular wood duck flights, which made accurate counts 
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difficult to obtain. Bagley bottoms and French Island pro­
vided another 9,2 square miles of wood duck habitat (Figure 
Ik), Human intruders were fewer at French Island than any­
where in Pool 10. YetI wood ducks flew south from French 
Island marshes and south Bagley bottoms to Buck Creek roost, 
a favorite location for duck hunters, More than 20 hunters 
were sometimes present in the 200-acre roost marsh to greet 
early-arriving wood ducks in evening roosting flights. Lotus 
was the predominant roosting cover. Buck Creek roost also 
served wood ducks from the surrounding 7.2 miles of habitat 
in the Guttenberg bottoms (Figure 15). 
Study Areas on Streams 
Within the primary study area, both spring and fall in­
vestigations were most intensive on Pool 10, but during spring 
1962, special attention was also given to wood duck popula­
tions on three tributaries of the primary study area. These 
segments of Iowa streams Included the lower 5»? miles of 
Paint Creek in Allamakee County (Figure I6), lower 11.0 miles 
of Yellow River in Allamakee County (Figure 1?) and lower 8.5 
miles of Little Maquoketa Elver in Dubuque County (Figure 18). 
The Paint Creek study area extended downstream from just 
above the confluence of Little Paint and Paint Creeks. Above 
the study segment the creek was a rippling trout stream seldom 
used by wood ducks. Downstream it meandered past hills 
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censuslng wood ducks were studied during spring, 1962 
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covered with oaks and hickories, Ozbow swamps occurred along 
the lower 2 miles of the stream. In 1962 and I963 lower Paint 
Creek Valley supported more than 40 pairs of nesting wood 
ducks in less than 3 square miles of habitat, the highest 
density spring population that was found. Paint Creek drain­
age was 43 square miles, and average discharge was 14 cfps at 
Watervllle, 4 miles above the study segment (Myers, I963). 
The Yellow Elver study segment began at lone. The river 
valley was narrow, and the upper half of the segment included 
frequent riffles and small rapids. Near the mouth, about 200 
acres of swamps within Effigy Mounds National Monument pro­
vided approximately 30,000 wood duck use-days per year. At 
least 4o pairs of wood ducks found nesting habitat in the 
abundant timber along the lower 11 miles of Yellow Elver. The 
area drained was 221 square miles, and average discharge at 
lone was 14-0 cfps (Myers, 1963). 
Little Maquoketa Elver joined the Mississippi just north 
of Dubuque, Iowa. The study segment began at the Junction of 
Little Maquoketa River and its north fork. The river mean­
dered through a flat valley of cornfields. Below U.S. Highway 
52, willow swamps bordered the river and provided excellent 
wood duck habitat. The area drained was 130 square miles, 
and average discharge was 78 cfps at Durango, 5 miles from 
the mouth (Myers, I963). 
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METHODS 
Limitations of this investigation came primarily from the 
necessary survey approach. More powerful, experimental 
methods would have required application of population con­
trols, which was unacceptable, and manipulation of habitat, 
which was impossible with available facilities. Lack of com­
plete sampling frames also Imposed problems. Observation and 
description were the most practical and useful tools. 
Descriptive statistics were often used. Analysis of 
variance, regression techniques, and covariance analysis were 
applied to test simple hypotheses (statistical methods follow 
Snedecor, 1956, unless a different reference is cited). Data 
from 1,073 flight count forms were transferred to punch cards, 
and many of the computations were done by the IBM 7074 com­
puter at the Iowa State University Computation Center at a 
considerable saving of time. 
Pall Investigations 
Field work was done from September to mid-November in 
1959f from mid-August to mid-November in i960 through 1963, 
and in mid-September, 1964. Morning and evening roosting 
flights were usually observed each day. 
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Finding roosts and makln# fllpht counts 
The most successful method of finding roosts was to watch 
feeding or loafing wood ducks in late afternoon, or wait at a 
stream mouth, where flocks were often seen at sunset on the 
way from feeding to roosting areas. In either case, line of 
flight of the first flock was noted, and later flocks were 
followed towards the roost. Usually the roost was found in 
fewer than four evenings. Tracing of flights was most produc­
tive before October; later, flight periods became too brief. 
Information from other persons sometimes revealed roost loca­
tions, especially after the study had progressed for several 
years and many cooperators had acquired an awareness of wood 
duck roosting habits. 
Early in the study priority was given to finding all 
roosts in Mississippi River Pools 9, 10 and 11. This infor­
mation was needed to describe distribution of roosts and to 
make a sampling frame for the primary study area. The list 
of 15 roosts was complete for the 196I season, and additional 
searches revealed no more roosts. 
The procedures for making roosting flight counts were 
established (Hein, I962) in 1959 and adhered to thereafter. 
They are restated here as follows: 
Counts were usually made at the roost site. 
At a very few roosts counts were made some distance 
from the roost where topography funneled the flight 
into an unusually narrow path, which aided accurate 
counting. Often it was possible to wade right in 
among the roosting birds in the predawn darkness. 
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Being close enough to hear ducks leave the water was 
helpful in spotting birds in poor light. At eve­
ning, presence of a motionless observer was unnoticed 
or ignored by wood ducks. A low place where birds 
could be counted against a sky background was se­
lected as an observation point. 
Evening observations usually began about 1 hour 
before sunset and continued until the last birds 
arrived about 4o minutes after sunset. Observation 
periods for morning roosting flights began at least 
%5 minutes before sunrise, which was earlier than 
first wood duck departures from the roost. Obser­
vations continued until the roost was deserted, 
usually shortly after sunrise. In a few instances, 
especially early in the season at roosts used by 
large numbers of wood ducks, a few would remain at 
the roost well into the forenoon. In such cases 
the official count was suspended 30 minutes after 
sunrise or anytime after sunrise when more than 5 
minutes elasped between wood duck departures from 
the roost. Few wood ducks using the roost were 
excluded from the count when this rule for termin­
ating morning counts was used. 
Boost, observer, date, location, weather, and flight 
count data were recorded on a standard form (Figure 19) for 
each roosting flight observation period. Just before the 
counting period, wind velocity was measured with a deflection 
anemometer, and atmospheric pressure was checked with an ane­
roid barometer. A mazimum-mlnlmum thermometer gave highest 
and lowest temperatures during the 24 hours preceding the 
count. 
Total number of birds arriving at the roost was recorded 
on the back of the form for each 1-minute interval. Some ob­
servers have recorded flock-size. In this study, however, it 
was usually ignored. Accuracy of counts would have been im­
paired by attempting to record each flock, when rate of 
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BOOST; 
OBSERVES; 
DATE: month day 19 AM PM 
laCATION; NE 1/4 NW lA SE 1/4 SW 1/4 
Section Township N S Bange E W 
WEATHER DATA: 
Wind; mph (estimate) Wind from (check one below); 
N NE E SE S SW W NW 
Temperature during past 24 hours: maximum °P minimum °F 
Barometer: , in. Eg. rising steady falling 
Amount of sky covered by clouds (check one below); 
0-20# 21-40# 41-60# 61-80# 81-100# 
Atmosphere (check one below); 
clear haze precipitation fog 
Water: normal stage at 
plus or minus , ft.(to nearest tenth-ft.) 
FLIGHT DATA; 
No. wood ducks counted: Most came from (check one): 
N NE E SE S SW W NW 
Illumination: (logarithm to base 2 of start_ 
foot-candles of Incident light) peak _ 
end __ 
Local sunrise or sunset: CST 
Time of flight: (minutes from sunrise start 
or sunset) peak 
end 
Duration of flight: minutes 
Latitudinal position of roost to nearest tenth degree:. 
Day of year (Jan. 1 equals "001"): 
Observation conditions: excellent good fair poor 
Figure 19. Facsimile of form used to record wood duck counts 
and weather associated with roosting flights 
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arrivals sometimes exceeded 50 per minute. Also, flocks often 
merged before reaching the roost. Hence, flock-size would 
have correlated with total number of birds using the roost. 
Therefore, flock-size was regarded as spurious data. 
Describing roosting flights 
General relationships among wood duck roosting flights, 
time, light, and season have been noted in other studies al­
ready cited. A specific goal of this Investigation was to 
describe more precisely the influence of advance of the season 
on light and time associated with roosting flights and to de­
termine the roles of light and time in controlling roosting 
flight characteristics. 
Times of start, peak and end of flights were recorded as 
minutes from sunrise or sunset coded by plus-6o to eliminate 
negative values. Peak of flight was taken as the time when 
50 per cent of all birds had been counted. 
Illumination associated with roosting flights was meas­
ured with a General Electric PB-2 light meter pointed at the 
sky directly overhead. A dyna-cell booster allowed readings 
as low as one-fourth foot-candle of incident light. Headings 
were made at irregular intervals throughout the observation 
period. These readings were transformed to logarithms to base 
2 for linear regression analysis. Light was not measured in 
1961 because of an Involuntary delay in replacing and cali­
brating the light meter, which was lost early in the season. 
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Only roosting flights totaling 4o or more wood ducks in 
five or more flocks were included in the analysis used to 
describe roosting flights. Incomplete counts and counts not 
made by the author were eliminated. 
To describe the relationships between times of flights 
and season, linear equations were computed to express the re­
gression on date, of times of start, peak, end, and duration 
of morning and evening flights during each fall. Thus, there 
were eight equations for each fall, making a total of 40 lin­
ear regression equations (Tables 4 and 5). For the set of 
five equations describing each event in five falls, analysis 
of covariance was used to test for differences among regres­
sion coefficients and among means in different years (Tables 
6-13). Then, where the covariance analysis permitted, common 
linear regression equations were computed to describe seasonal 
changes in times of wood duck roosting flights in all years. 
Light relationships were analyzed by the same general 
procedure. For each year, equations were computed for the 
regression on date, of light measured at start, peak and end 
of morning and evening flights (Tables 15 and 16). For each 
event, analysis of covariance was used to test differences 
among regression coefficients and among means in different 
years (Tables 17-22). Common linear regression equations were 
then computed to express seasonal changes in light associated 
with wood duck roosting flights in all years (Table 23). 
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Determining seasonal changes 
Each fall a random sample of four to eight roosts was 
drawn from the list of 15 wood duck roosts ^  Mississippi 
River Pools 9» 10 and 11, Sample size varied because amount 
of time that could be allocated to this part of the study 
varied from year to year. Each roost in the sample was check­
ed at approximately 1-week intervals from late August through 
October; migration from the study area was nearly complete by 
November, These counts were combined to yield a composite 
curve which showed the pattern of seasonal changes in roost­
ing populations. 
Curvilinear regression of roosting numbers on date was 
described by a fourth degree polynomial using orthogonal poly­
nomial multipliers from Anderson and Houseman (1942). Regres­
sion components were tested for statistical significance 
(Table 24) following procedure of Anderson and Bancroft 
(1952). Counts from the 5-week, premigration period of the 
curve (Table 25) were subjected to analysis of covariance to 
test significance of linear regression of numbers of wood 
ducks on date and to test for differences among regression 
coefficients and means in different years (Table 26), The 
object of this analysis was to determine whether or not a com­
mon linear regression equation could be used to describe the 
increase in roosting populations during the premigration 
period in all years. 
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An estimate of variance of roosting flight counts was 
obtained by drawing a random sample of seven roosts, in I962 
and again in I963» from a list of JO known roosts in or near 
the Mississippi River bottoms. Counts were made on three suc­
cessive days during September at each roost (Table 27), Anal­
ysis of variance yielded an error mean square for counts that 
gave an estimate of precision or repeatability of wood duck 
roosting flight counts (Table 28), 
Estimating wood duck populations 
Intensive studies in Pool 10 included a census based on 
peak, premigration counts at all six roosts used by the pool's 
wood duck population (Table 29). The. counts at St, Paul 
Slough roost in Pool 9 included only the birds arriving from 
Pool 10. Total numbers and per cent annual change in the 
pool's wood duck population might have been estimated from 
counts at a sample of one to six roosts drawn each year. This 
possibility was evaluated by drawing all possible nonreplace-
ment samples from the list of counts made annually at each 
roost. Ranges and coefficients of variation for estimates of 
total numbers were calculated for each sample size each year 
(Table ^ O), For estimates of per cent change from year to 
year, 95 per cent confidence intervals were calculated (Table 
31) for each sample size as described by Simpson et al, 
(i960). If a new sample were not drawn each year, per cent 
change in wood duck numbers could be based on year-to-year 
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changes in counts made at the same roosts. For the five 
roosts in Pool 10, year-to-year changes were calculated for 
all possible samples of each size (Table 32) and compared to 
total numbers tallied at all five roosts. In this case, the 
flight out of Pool 10 to St, Paul Slough roost in Pool 9 was 
excluded. Thus, the population being considered belonged to 
five roosts and not to any definable area. 
Simultaneous counts at as many roosts as possible were 
scheduled seven times during the study. Usually the counts 
were set for about September 20, when peak premigration num­
bers of wood ducks were using most roosts. Prom 13 to J1 ob­
servers cooperated to check 15 to 2? active roosts during the 
3-day census period (Tables 33 and 3^ ). Besuits of these 
counts provided two estimates of annual fluctuations in wood 
duck abundance. One estimate was given by the average number 
of wood ducks per active roost reported by all observers at 
all roosts (Table 35). Another estimate came from more re­
stricted data; total number of wood ducks was compared from 
year to year using only those counts made at the same roosts 
in consecutive years (Table 36), 
A roosting flight count index to wood duck population 
changes was also based on data collected during the peak pre­
migration period of roost use. Counts Included were made be­
tween September 15 and 25 by the author or by experienced per­
sons, who were known to be highly reliable observers. Only 
59 
counts made under favorable weather conditions at the same 
roosts by the same observer in consecutive years were used 
(Table 37). 
Thus, four methods were used to estimate annual changes 
in wood duck abundance ; all were based on counts at roosts in 
late September. These methods were 1) the roosting flight 
count index, 2) average number of wood ducks per roost re­
ported by all participants in the coordinated counts, 3) total 
numbers at the same roosts checked during the coordinated 
count in consecutive years, and 4) a total count of all roosts 
in a sample area, i.e.. Pool 10, These four methods were com­
pared (Table 38). 
Other investigations 
Effects of hunting on wood duck roosting populations were 
noted whenever possible. Several roosts were located in popu­
lar waterfowl hunting areas, and response of wood ducks to 
hunting activities at or near roosts was observed. Bag check 
data were collected from waterfowl hunters in cooperation with 
the Upper Mississippi Eefuge's management program to evaluate 
hunting on the refuge. 
Records were kept of weather and water level changes, and 
effects were noted of these factors, muskrats, other water­
fowl, and human disturbance on wood duck roosting habits and 
roosts. Special attention was given to a roost marsh near 
Dubuque, Iowa, which was drained in I960, Establishment of a 
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new roost nearby was observed. 
General observations were made on local movements, be­
havior, habitat preference, and feeding habits of wood ducks. 
Spring Investigations 
Field work extended from mid-March to June, I962 and 
19631 which covered time of arrival of first spring migrants 
to hatching of early broods. In April, i960, I96I and 1964, 
several days were spent counting wood ducks on key sample 
areas. Approximately 90 per cent of the field work was on 
Mississippi Biver Pool 10 and its tributaries. 
Spring roosting flight studies 
Evening counts at fall roost sites were made at regular 
intervals throughout spring, 1962, to ascertain extent of use 
of fall roosts by wood ducks during spring (Table 39). Also, 
at selected places, observations were made each day from 40 
minutes before sunrise until flight activity between roosting 
sites and nesting and feeding areas ceased about 1 hour after 
sunrise. Evening feeding and roosting flights were observed 
from about 1 hour before sunset until 40 minutes after sunset. 
Nesting populations on tributaries were checked by making 
early morning and evening counts at mouths of streams during 
mid-April, when many hens left roosting sites in the Missis­
sippi Hiver bottoms each morning to engage in searching for 
nesting cavities or egg laying before returning to the bottoms 
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each evening to roost. To obtain an estimate of variance of 
these counts, morning flight counts were made on 3 successive 
days at mouths of three streams, and evening counts were also 
made on 3 successive days at mouths of four streams (Table 
40). Analysis of variance of these data was used to test for 
any difference in variance between morning and evening flight 
counts (Table 41). 
An index to annual changes in spring population of wood 
ducks was devised for the Upper Mississippi Refuge. Flight 
counts were scheduled during April 15-2$, 1963, at mouths of 
24 tributaries; in 1964, these counts were repeated (Table 
42). Staff members from the refuge cooperated in making these 
counts. 
Float counts and flight counts were compared on three 
Mississippi Elver tributaries during April, 1962. Flight 
counts were made on three successive mornings at mouths of 
Paint Creek and Yellow Elver in Allamakee County, Iowa and 
Little Maquoketa Biver in Dubuque County, Iowa. Eiver float 
counts were made later the same mornings on the lower 5»7 
miles of Paint Creek, the lower 11.0 miles of Yellow Eiver, 
and the lower 8.5 miles of Little Maquoketa Biver (Figures 
16-18). Float count and flight count data (Table 43) were 
analyzed to determine magnitude of detectable differences in 
populations with each method (Table 44). 
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Spring populations In Pool 10 
Estimating the breeding population In 50 square miles of 
bottomland habitat of Mississippi River Pool 10 was a major 
project each year. From mld-Aprll to mid-May, 17 transects 
totaling 33 miles were checked from a canoe (Figures 9-15). 
Wood duck pairs were counted within 100 yards of the line of 
travel, which made the transect approximately one-elghth-mlle 
wide. Transects were often run more than once. Minor adjust­
ments based on other observations were sometimes made In esti­
mates of breeding populations generated from transect sample 
data. Nesting populations on eight minor tributaries were 
censused by flight counts at stream mouths. On three major 
tributaries, navigable with a canoe, flight counts were sup­
plemented by float counts. Numbers nesting on the 60 miles 
of bluff faces and in the hollows of 20 intermittent water­
courses were estimated by watching for morning and evening 
flights on random samples of 10 per cent of the bluffs and 35 
per cent of the hollows and ravines; this completed the esti­
mate of breeding population of wood ducks associated with 
Pool 10 (Table 45), 
The lower 6 miles of Paint Creek and adjacent swamps were 
selected for intensive study. The area was checked almost 
dally during May 12-31, 1963. Canoe float trips downstream 
and walking the stream banks back upstream were often repeated 
several times dally. 
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A regular schedule of counts at selected observation 
points and sex ratio data classified by season intervals 
(Table 46) were used to supplement observations of behavior 
and daily activity patterns; these were used as aids in 
describing migration, arrival, chronology of nesting season, 
and other characteristics of the spring wood duck population 
of Pool 10. 
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BESULTS 
Fall Investigations 
Morning or evening flight counts were made 768 times at 
52 wood duck roosts during late summer and fall, 1959-1964 
(Table 4?). Cooperating observers contributed about 20 per 
cent of all counts; at eight roosts all data were collected by 
cooperators. There were 286 complete counts, which included 
4o or more wood ducks in five or more flocks, that were made 
by the author at 30 roosts during August-November, I959-I963. 
Descriptions of flights and roosting behavior were based on 
these 286 observation periods. Population estimates utilized 
any available data. 
Roosts, flight counts and roosting flights 
The most time was spent searching for roosts in 1959 and 
1961, when l4 and I3 were found. However, another 12 were 
added with less effort in 1962; most were reported by other 
persons. Only seven were found in i960 and six in 1963. 
Distribution of roosts in the primary study area was de­
scribed but not explained. In this 100-mile-long section of 
Mississippi River bottoms, all roosts were believed to have 
been found (Figure 5)• Average distance between roosts was 
6,5 miles. From Crooked Creek roost at the upper end of Pool 
9, it was 10 miles south to the first of five roosts, which 
were spaced 1.5 to 3 miles apart in midpool. North to south 
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these were Launsen, Big Lake, Statehouse, Winneshiek Slough, 
and Winneshiek Lake, Eight miles farther south, St. Paul 
Slough roost was found near the end of Pool 9 (Figure 9), In 
Pool 10, Paint Creek roost was 4 miles north of Yellow Biver 
roost (Figure 10); Wisconsin Biver roost (Figure 12) was 6 
miles farther downstream. Glass Lake Boost (Figure 1^ ) was 6 
miles below the Wisconsin and almost 8 miles above Buck Creek 
roost (Figure 15) near the end of the pool. Distances between 
Pollio Pond, Bertom Lake, Grant Biver, and Little Maquoketa 
Biver roosts in Pool 11 were about 6, 4 and 8 miles respec­
tively. Boosts were often found close to mouths of tributar­
ies, However, some major tributaries in the primary study 
area did not have roosts nearby, e.g.. Upper Iowa and Platte 
Bivers, Glass Lake and Bertom Lake were examples of roosts 
more than 4 miles from a tributary. 
Possible locations for interior Iowa roosts were more 
restricted. Cardinal Marsh and Brenton Slough were examples 
of roosts in areas where there were no apparent alternative 
roost marshes nearby. However, at some inland marshes, wood 
ducks used several roosting sites. For example, the wood duck 
population at Union Slough in northcentral Iowa used three 
roosts about 2 miles apart. Proportions of the population 
using each of these often changed abruptly during the season. 
Likewise, at Sweet Marsh in northeast Iowa, roosts were found 
in Segment A, Segment C and Meyers Pond within a 2-mile 
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radius. In 3 consecutive years the majority of wood ducks at 
Sweet Marsh favored a different one of these roosts. A simi­
lar situation existed at North Colyn and Browns Slough, 3 
miles apart in Lucas County, Iowa. Wood ducks used these two 
roosts interchangeably with no evident reason for their 
choice. 
Permanency of roost sites depended on stable habitat con­
ditions. Precipitation in northeast Iowa was 5 inches below 
normal in I963 (Table 1), and Pollic Pond and Paint Creek 
roosts, in the primary study area, were not used that fall be­
cause these roost marshes were dry. Wood ducks roosted at two 
or more sites in North Ambro bottoms about 1 mile from Paint 
Creek, but no alternate roost sites were found near Pollic 
Pond in 1963. In general, however, water levels in the Mis­
sissippi Elver bottoms were similar from fall to fall, and 
only slight shifts in roost locations were common. Effects 
of drouth were more severe at interior Iowa marshes. Five of 
17 inland Iowa roosts (Figure 4), which were active in 1962, 
were dry or obviously unsuitable as roosts in I963 and were 
not used by wood ducks. 
Histories before 1959 were learned for a few roosts. 
Goose Pond and Little Goose Pond roosts at Lake Odessa Wild­
life Management Area, Iowa, were at the same sites throughout 
this study as were reported by Schreiner (1950). Doty Pond 
roost near Savanna, Illinois and Muskrat Lake Boost, Louisa 
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County, Iowa, were used by fewer than 20 wood ducks in 1959 
and were not used thereafter, although reliable observers re­
ported more than 100 birds at each site in 1958. Hearsay of 
local residents and casual observations by wildlife workers 
generally indicated that most roost locations remained un­
changed from year to year. 
Counts made by other persons were usually reliable. Dis­
crepancies of less than 6 per cent were found on 12 of l6 
occasions when the author repeated a count made by someone 
else a day earlier. In four cases, the author's count was 
more than 10 per cent larger. These check counts were made 
before migration began, while roosting populations were most 
stable. 
Selection of an unsatisfactory observation point was the 
most probable cause of erroneous counts. For this reason, 
any observer's first visit to a roost seldom yielded an accu­
rate count. A low observation point near the roost center was 
usually best. Misidentificatlon of species was suspected in 
several instances of questionable counts from cooperators. 
Widgeon (Mareca americana Gmelin) were especially easy for in­
experienced persons to mistake for wood ducks in dim light. 
Counts made against a background of dark clouds were not 
usually considered accurate. Eeln (I962) reported the usual 
superiority of evening over morning roosting flight counts. 
All-night watches at roosts revealed little activity. 
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The birds usually dispersed from the roost center and spent 
the night floating on the water among emergent vegetation. 
Birds tended to "cluster" in groups of less than 20, but wood 
ducks within these sleeping flocks were never observed to 
touch each other. Certain hens often repeated their "oh-eek" 
call frequently for a few minutes after arriving at the 
roost. The softer "j-r-r-r-r" call of the males often con­
tinued until 45 minutes after sunset. During several all-
night vigils spent among more than 200 wood ducks at two 
roosts, not one wood duck was heard between 1 hour after sun­
set and 1 hour before sunrise. Morning activity usually began 
during nautical twilight, between 60 and 30 minutes before 
sunrise, Preflight calling and swimming back and forth in­
creased until the first wave of birds departed about 30 min­
utes before sunrise. These preflight activities became 
noticeably more Intense later in the fall. 
Species, age and sex composition of roosting congrega­
tions were difficult to ascertain. However, rather meager 
catches of wood ducks in drive trapping efforts at roosts in­
cluded juveniles and adults of both sexes (Table 48). During 
August and early September, juvenile plumage features were 
usually identifiable with the aid of binoculars. Flocks 
arriving at roosts before sunset were often examined with 
binoculars, and adults were seldom seen. Adults may have 
tended to arrive later in the evening. Some adult hens did 
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not complete the post nuptial flightless period before Septem­
ber. Occasionally, a few blue-winged teal (Anas discors L.) 
roosted among wood ducks, and other waterfowl often congre­
gated near wood duck roosts. However, wood ducks were less 
prone than any other species of duck, which the author ob­
served, to form flocks of mixed species, at roosts or else­
where . 
All waterfowl roosted somewhere at night, and many spe­
cies congregated in large roosting companies. However, the 
outstanding characteristic of wood duck roosting populations 
was their fidelity in returning to the same roosting locations 
night after night and year after year. This tenacity to tra­
ditional roost sites was most evident during attempts to take 
flash pictures on roosts at night and during attempts to drive 
trap on roosts, A person could easily wade to within 100 feet 
of roosting woodies, and with care, the flushing distance was 
reducible to less than 20 feet in emergent vegetation. Once 
flushed, wood ducks usually landed nearby, and they could 
often be flushed repeatedly from one side of the roost to an­
other. 
Arrival at the roost was usually direct with little or 
no circling, and birds landed in open water areas before swim­
ming back into emergent vegetation (Figure 20). Morning de­
partures were also direct (Figure 21), Flocks in morning 
flights were larger than in evening flights, and average flock 
Figure 20. Wood ducks arriving at the roost in late 
afternoon usually landed in small open areas 
and leisurely moved back into the emergent 
vegetation to spend the night roosting on 
the water 
Figure 21. Early in fall, wood ducks usually left the 
roost in small flocks, but later in fall, 
flights became compressed in time until 
the entire morning flight often departed 
in a few large flocks 
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size Increased noticeably as fall advanced. Evening roosting 
flights often began farther than 4 miles from the roost. In 
the primary study area, 8 miles was the farthest known dis­
tance that a flight regularly flew to a roost. Plights were 
believed to have covered more than 15 miles at some interior 
Iowa roosts. Wood ducks usually flew at lower heights than 
other ducks, and woodies were seldom observed higher than 300 
feet above the ground. 
Time, light and roosting flights 
Seasonal changes in times of start, peak, end, and dura­
tion of morning and evening roosting flights were expressed in 
separate linear regression equations for each year. Start of 
morning flight and end of evening flight showed the least 
tendency to change as the season progressed, Wille end of 
morning flight and duration of evening flight changed most 
markedly (Tables 4 and 5). 
Analysis of covariance indicated that seasonal changes 
in times of flights were similar in all five falls (Tables 
6-13), Only for time of peak of morning flight were regres­
sion coefficients in separate years significantly different 
at the 99 per cent confidence level (Table 7), 
Tests for year-to-year differences in adjusted mean times 
of flights were also shown in the analysis of covariance 
tables. Differences In mean times of end of morning flights 
were significant at the 95 per cent confidence level (Table 
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8), while mean durations of morning flights were significantly 
different at the 99 per cent level (Table 9). Mean times of 
start and peak of evening roosting flights were significantly 
different at the 99 per cent confidence level, as were mean 
durations of evening flights in different years (Tables 10, 11 
and 13). Evening flights ended at mean times which were sig­
nificantly different at the 95 per cent confidence level 
(Table 12). 
However, these differences were small. For example, mean 
times of peak of evening flight, adjusted to September 25» 
ranged from 11.2 minutes after sunset in 1959 to l6 minutes 
after sunset in I963. Similarly, adjusted mean times of peak 
of morning flight ranged from 27.1 to 29.3 minutes before sun­
rise in 1959 and I96I, respectively, and adjusted mean dura­
tions of morning flights ranged from I7.3 to 23.0 minutes in 
i960 and 1959, respectively. The only large difference in 
times of flight was the mean time of start of evening flight 
in 1963, which was 9 minutes later than the 5-year average. 
Although these small differences in mean times of flights in 
different years were generally statistically significant, they 
were considered unimportant. With no apparent biological, 
climatologlcal, or other explanation, these mean differences 
were considered to be some manifestation of the particular 
roosting populations that happened to furnish each year's 
data. Since widely applicable statements describing roosting 
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flights would be useful, small differences among years in mean 
times of flights were ignored, and wherever covariance anal­
ysis indicated a common regression coefficient, common linear 
regression equations were computed (Table 14), In mid-August, 
wood ducks began leaving the roost about 25 minutes before 
sunrise, and all had departed by sunrise. For each week that 
passed, the last birds left the roost 2,5 minutes earlier with 
respect to sunrise. Thus, by early November, duration of 
morning flight averaged less than 5 minutes, and often the 
departure was in one or two waves about 30 minutes before sun­
rise (Figure 22). Common regression coefficient for start of 
morning flight was not significantly different from zero 
(Table 14-). Mean duration of evening flights decreased from 
about 45 minutes in mid-August to about 8 minutes in early 
November (Figure 23). During each passing week, mean time in 
relation to sunset decreased 3*3 minutes for start, 1.7 min­
utes for peak, and 0.7 minutes for end of evening roosting 
flight. 
Linear regression equations described changes in light 
associated with wood duck roosting flights in 1959, I960, 
1962, and 1963 (Tables 15-I6). Analysis of covariance per­
mitted computation of common linear regression coefficients 
to describe seasonal changes in illumination measured at 
start, peak, and end of evening flights and at start and peak 
of morning flights (Table 23). 
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Figure 22. Seasonal changes In time of morning roosting flights of wood ducks 
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Figure 23. Seasonal changes in time of evening roosting flights of wood ducks 
in relation to sunset (regression equations are given in Table 14) 
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Small year-to-year differences in mean illumination were 
significant in the analysis of covariance tables (Tables I7-
22). These differences were inexplicable except that they 
were a result of some characteristics of the particular roost­
ing populations that entered by chance into each year's 
sample. The small differences in adjusted means were ignored, 
and common regression lines were forced through the data in 
order to describe as simply as possible the changing relation­
ships of light and roosting flights. In mid-August, morning 
flights began when illumination reached 1 foot-candle; by Nov­
ember, birds departed with less than one-fourth foot-candle of 
light. Light concomitant with peak of morning flights like­
wise decreased as fall advanced (Figure 24). Regression co­
efficients for light associated with end of morning flights 
were significantly different in separate years (Table 19); 
therefore, a common regression coefficient could not be used. 
Evening flights likewise occurred with less light as fall 
advanced. In mid-August, flocks arrived at the roost while 
illumination ranged from about 70 to about 2 foot-candles. 
Late-October flights arrived with light values between 4 and 
one-fourth foot-candles (Figure 25). 
Certain changes in flight times accompanied poor visibil­
ity conditions. These changes tended to adjust flights 
towards times when illumination was similar to that concomi­
tant with roosting flights on clear days. Thus, on dark, 
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foggy days the morning departure from the roost was delayed, 
and time of first arrival of evening flights was advanced. 
Therefore, flights on mornings with poor visibility were com­
pressed in time by a delay of the beginning of the flight. 
On the other hand, evening flights were prolonged on dark, 
hazy days, for the start of evening flights tended to be much 
earlier while the peeUc and end were only a little earlier on 
days of poor visibility. This adherence of roosting flights 
to predictable illumination levels was quite apparent on 
stormy days. However, exact effects of weather in modifying 
times of flights could not be stated more explicitly, because 
"stormy weather" could not be satisfactorily quantified. 
In review, roosting flights of wood ducks were descrlb-
able as functions of time. However, they corresponded most 
strongly to Illumination. As fall advanced, the association 
between flights and light changed in a predictable manner, 
which was described in linear equations expressing the regres­
sion of light on date. Light values measured to describe 
roosting flights were transformed to logarithms to the base 2 
for convenience of linear analysis. 
Seasonal changes in roosting populations 
Boosting populations in the primary study area followed 
a similar pattern of changes each year. In early August, 
roosts were not well defined, but by mid-August regular 
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flights occurred to definite foci of loose congregations of 
roosting birds. Numbers of wood ducks increased steadily at 
all, roosts during late August and early September as scattered 
roosting declined, while roosting populations increased in 
numbers and concentrated in area. By mid-September all broods 
were flying and all adults were through the flightless period 
of the post nuptial moult. Well over 90 per cent of the wood 
ducks in the primary study area were using the 15 fall roosts 
during late September. Numbers at roosts were then stable 
until the end of September, when a radial dispersal took 
place. Sudden and large changes in numbers at individual 
roosts often occurred during this radial dispersal and the 
fall migration that followed shortly thereafter. However, 
total numbers at roosts within the study area were fairly con­
stant from September 15 to October 10. Wood ducks ebbed 
southward during October, and individual roosting populations 
fluctuated erratically downward. Peak number of wood ducks at 
a roost , usually was observed sometime in October when an in­
flux of migrants temporarily inflated the count. Few wood 
ducks remained after October; however, in some falls, 50 to 
100 birds remained in Pools 9» 10 or 11 until mid-November, 
usually at Crooked Creek, Glass Lake or Little Maquoketa 
roosts. 
The pattern of seasonal changes was reflected in a com­
posite curve which originated from weekly counts at each roost 
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in a random sample drawn each fall from the llstT"of 15 roosts 
in the primary study area. Curves for individual years were 
remarkably similar despite annual differences in samples, 
weather, and habitat conditions. For example, rate of decline 
of numbers in the primary study area from October 10 to Novem­
ber was identical in each fall, I96O-I963, despite variation 
of 4 weeks or more in dates when certain subfreezing tempera­
tures were first recorded (Table 1). Bates and dates of 
buildups, peaks and declines of roosting populations in the 
primary study area were nearly identical each fall (Figure 26), 
Composite curves for each fall were combined, and a least 
squares regression line was fitted to the four combined series 
of counts made at 11 weekly intervals at each roost (Figure 
27). Analysis of variance of the fourth degree polynomial 
describing the curve showed significant quadratic and quintic 
components and nonsignificant linear and cubic components 
(Table 24), However, the relationship between numbers of wood 
ducks and date appeared to be linear during the premigration 
period. Therefore, counts made at weekly Intervals from Aug­
ust 25 to September 22 were analyzed separately (Table 25). 
Analysis of covarlance revealed no differences among regres­
sion coefficients in separate years at the 95 per cent sig­
nificance level (Table 26); this permitted calculation of a 
common regression coefficient and a common linear regression 
equation to describe rate of increase in roosting populations 
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during the premigration period,_in all four years (Figure 28). 
Significant differences in mean roosting populations in pre­
migration periods of different years were of no interest, 
since they depended on how many and which roosts happened to 
be drawn in each year's sample; only the common linear regres­
sion line was important. 
Precision of roosting flight counts 
A major goal of this study was to develop practical 
methods of detecting trends in wood duck populations, Hein 
(1962) recommended that fall counts at known roosts be used 
as an index to annual changes in wood duck abundance. 
Developing an index to populations, based on roosting 
flight counts, required that a census period be selected, and 
the curve of seasonal changes in roosting populations sug­
gested late September (Figure 25), the period when roosting 
populations in the primary study area reached a premigration 
peak and were relatively stable for several weeks. Therefore, 
annual comparisons in roosting populations were based on 
counts made during the premigration peak period, with Septem­
ber 20 as the preferred target date for counts. 
Evaluating an index to populations, based on roosting 
flight counts, required an estimate of variance, i.e., an 
estimate of "repeatability" of counts. This estimate of vari­
ance was obtained from the three counts repeated on 3 consecu­
tive days at each roost in a random sample of seven roosts 
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drawn in I962 and 1963 from a list of 30 known roosts in and 
near the Mississippi River bottoms (Table 27). Coefficients 
of variation for individual roosts ranged from 0.5 to 35.2 
per cent and averaged 8 per cent. 
Analysis of variance of the repeated counts followed 
Snedecor (1956) for model II for hierarchal classification 
with years fixed and roosts within years random (Table 28), 
Bartlett's test for homogeneity of variance indicated hetero­
genous variance for 1962 counts but not for 1963 data. A num*-
ber of transformations were tried without successfully correct­
ing this situation, and no relationship between means and 
variances or standard deviations was found that would suggest 
a suitable transformation. Snedecor (1956) discussed this 
situation and offered an analysis of variance that yielded an 
approximate P-value, P*, usable in lieu of P when heterogenous 
variance can not be corrected. Results of tests of hypotheses 
were the same regardless of whether F or P* was used. There 
was no significant difference between years, but differences 
among roosts within years were highly significant. This sug­
gested that the best procedure would be to check the same 
roosts each year, assuming a random sample was drawn the first 
year, rather than drawing a new sample of roosts each year. 
Maximum precision inherent in roosting flight counts was 
estimated by the mean square for counts within roosts (Table 
28), This yielded a standard deviation of 15.4. The mean 
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for all k2 counts was 4^ 0; thus, the coefficient of variation 
was 3*3 per cent. At the 95 per cent confidence level, changes 
greater than 13 birds in average number per roost would have 
been significant if the same 25 roosts had been checked in two 
successive falls. Thus, maximum precision, i.e., the smallest 
detectable difference, for roosting flight counts was about 3 
per cent. In practice, precision could not be expected to be 
that small, primarily because of variation from different 
observers being available in some years. 
Estimates of wood duck populations 
The annual census of six roosts used by the wood duck 
population of Mississippi River Pool 10 showed an alternate 
increase and decrease in numbers from I959 to 1963 with the 
magnitude of change varying by a factor between 1,3 and 1,8 
(Table 29). Magnitude of year-to-year changes was more vari­
able at individual roosts. However, direction of change at 
each roost was consistent with direction of change for the 
pool's population (Figure 29) except at St. Paul Slough roost, 
where only the flight from Pool 10 was counted; total numbers 
at that roost, including birds from Pool 9, might have fol­
lowed the pattern observed at roosts in Pool 10. 
Drawing a nonreplacement sample from the six roosts each 
fall would not have been worthwhile. Confidence intervals 
(Figure 30) and coefficients of variation were too large for 
estimates of total numbers obtained in this manner (Table 30), 
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Even a sampling rate of five of six roosts would not yield 
estimates that would have detected annual fluctuations that 
actually occurred (Table 31). 
Drawing a nonreplacement sample and rechecklng it each 
year would have provided better estimates of year-to-year 
changes in wood duck numbers in Pool 10. Examination of all 
possible samples of this type showed that a sampling rate of 
4o per cent correctly detected the direction of population 
change 93 per cent of the time (Table 32); however, actual 
changes were large. Estimates of per cent change were gen­
erally acceptable for a sampling rate of 6o per cent. 
Coordinated counts (Tables 33-34) provided two estimates 
of year-to-year population changes. Average number per roost 
at all roosts checked ranged from 601 in I96O down to 368 in 
1964 (Table 35). Slightly different estimates of annual popu­
lation fluctuations were obtained when total numbers were 
compared using only those reports from roosts that were 
checked in consecutive years (Tables 3^  and 36)* Cooperation 
in these counts was excellent, demonstrating that adequate 
numbers of competent observers could be recruited for an 
annual census of known wood duck roosts. About 10,000 wood 
ducks were tallied at more than 20 roosts during the September 
coordinated count scheduled each year (Tables 33-34). 
Another estimate of changes in wood duck abundance came 
from the roosting flight count index, which utilized counts 
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made at roosts during the premigratlon peak period. It in­
cluded from siz to 18 roosts where counts were made by the 
same reliable observers at the same roosts in consecutive 
years under favorable observation conditions (Table 37), 
These four methods of estimating year-to-year trends in 
wood duck abundance were compared (Table 38). Largest fall-
to-fall changes were indicated by the area sample, i.e., the 
census of all roosts in Pool 10. The other three methods were 
based on counts at roosts selected nonrandomly from an incom­
plete frame. For the coordinated count data, total counts at 
roosts checked in consecutive years showed larger decreases 
and smaller increases than was shown by average number per 
roost at all roosts included in the coordinated count. Trends 
indicated by coordinated counts were similar to those shown 
by the roosting flight count index, which was based on better 
quality data. Direction and general magnitude of population 
changes were similar for all four methods (Figure 31), 
Other investigations 
Destruction of a roost near Dubuque, Iowa, and establish­
ment of a new roosting site was observed (Figure 32). In 
October i960, over 700 wood ducks congregated each evening at 
Daytonville roost, a 4-acre willow bat formed by a beaver dam 
on Sageville Slough (Figure 33). In November, the slough was 
straightened and deepened, under orders of the Dubuque County 
Board of Supervisors, which drained the roost area into Little 
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Figure 33* looking west across Daytonville roost to the 
gap in the bluffs, an observer could spot 
many flocks of wood ducks in the evening 
flight to this 4-acre swamp near Dubuque, 
Iowa where over 700 woodies roosted in i960 
Figure 34, Looking east across Daytonville roost in 
1961 an observer could see a ditch draining 
the marsh northward into Little Maquoketa 
River which emptied into the Mississippi 
Hiver 1 mile east (top-center of photo) 
Figure 35* Up to 800 wood ducks roosted in an arrowhead 
marsh at the mouth of Little Maquoketa Hiver 
during fall, 1961-I964 after Daytonville 
roost was drained in I96O 
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Maquoketa River one-half mile north (Figure 34). In early 
September 1961, evening flights of wood ducks were observed 
arriving at dry Daytonville roost, circling, and then flying 
northeastward about 1 1/2 miles to the Mississippi River, 
where scattered roosting was observed over 2 square miles of 
marsh and swamp near the mouth of Little Maquoketa River. The 
high count that fall was 289 in mid-October; however, the scat­
tered roosting probably made the count too low. The following 
two falls, the roost concentrated in 40 acres of arrowhead in 
a marsh formed behind a new dike just south of the mouth of 
Little Maquoketa River (Figure 35). High counts were 528 in 
1962 and 808 in I963. Evening flights in I963 flew directly 
east down Little Maquoketa River Valley to the new roost with­
out first making a detour south over Daytonville roost as had 
occurred in I96I. The new roost site was in the closest suit­
able habitat to the old roost site. 
Attempts to drive-trap wood duck roosts were organized by 
personnel of the U.S. Bureau of Sport Fisheries and Wildlife 
in 1961, 1962 and I963. Participation in seven of these oper­
ations was interesting but unproductive (Table 48). Traps of 
wire mesh or fish net were set up in the roost marsh; up to 
1,000 feet of net or chicken wire leads were used (Figures 
36-37). Various combinations of traps and driving techniques 
were used. Success in these operations would have furnished 
valuable information on sex and age ratios of roosting popula-
Figure 36. An unsuccessful attempt to drive-trap wood 
ducks at night was made in October, i960 at 
Paint Creek Boost, Allamakee County, Iowa 
where river bulrush provided dense roosting 
cover 
Figure 37» Drive-trapping efforts at night in October, 
1963 resulted in capture of 10 wood ducks at 
Yellow Elver Boost, Crawford County, Wisconsin 
where the main roosting cover was a sparse 
stand of lotus 
Figure 38. Characteristics of age and sex could not be 
reliably determined for roosting wood ducks 
without capturing the birds (note the chin 
bars and narrow white edging on secondary 
flight feathers of the juvenile male, and 
note the white eye ring and wider edging on 
secondary flight feathers of the juvenile 
female) 
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tions (Figure 38). In retrospect, failures were probably 
caused by too small of an opening into the traps, too wide of 
an angle between leads, and too rapid driving pace. 
Checks of duck hunters in Pool 10 showed that wood ducks 
constituted about one-fourth of the waterfowl kill during 
October; most wood ducks had migrated from the area by Novem­
ber. The 1962 waterfowl hunting season opened on October I3 
in Wisconsin and on October 2? in Iowa. There were 28 wood 
ducks (23^ ) among 120 ducks checked in bags that month. Both 
states opened on October 5» 1963, and I33 wood ducks {2k%) 
were checked among 533 ducks examined in hunters' bags in Pool 
10 during October. 
Since 1961, waterfowl hunting was not permitted before 
sunrise or after sunset, and wood ducks were not disturbed by 
hunters at roosts during legal hunting hours, because morning 
roosting flights were complete before sunrise and evening 
flights occurred after sunset (Figures 22-23). Wood ducks 
were vulnerable at roosts. In i960, when legal shooting began 
30 minutes before sunrise, a hunter at Daytonville roost 
waited along the flyway and took his one wood duck on I3 
mornings of the first 2 weeks of the season. An incident at 
Wiese Slough roost, Muscatine County, Iowa, also demonstrated 
this vulnerability. On October I6, 1962, three hunters at the 
roost center shot at arriving birds until 25 minutes after 
sunset without diverting incoming flocks from the roost. How 
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many birds were killed illegally was not determined; the op­
portunity was great. Wood ducks were not easily discouraged 
from using a roost, and roosting birds were easily approached. 
Migration began during the first week of October in north­
east Iowa, Earlier population movements accompanying radial 
dispersal were often confused with migration by some observers. 
Migration was described as an ebbing southward terminated by 
a final "roll-up" from the north in some falls. Migrants used 
the same roosts established earlier by local birds. For ex­
ample, over 200 wood ducks used Paint Creek roost in Pool 10 
until September 24, 1959. Checks on October 6 and 10 revealed 
that the roost was abandoned. Then on October 19, over 100 
were counted, and by October 29 the roost served 20?. The 
roost was abandoned again on November 2, but 36 migrants used 
it on the following night. Checks on November 8 and 11 re­
vealed no wood ducks. Similar fluctuations occurred at other 
roosts during October as migrants arrived, remained for a 
time, and then departed southward. Hochbaum (1955) cited evi­
dence from banding to state that many migrant birds make the 
same stops annually. Observations at Cardinal Marsh roost, 
Winneshiek County, Iowa, on October 24, I962, provided an 
example of departure of migrating wood ducks from a roost. At 
2 minutes after sunset, 21 wood ducks left the marsh and flew 
south about 600 feet above the ground; 1 minute later a flock 
of 42 followed them. Both flocks were watched through binocu­
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lars until they faded from view over 2 miles away. The area 
south of Cardinal Marsh was farmland for over 20 miles. Bell-
rose (1964b) used radar to confirm that migrating ducks com­
monly depart southward after sunset. 
Feeding habits of wood ducks changed as fall advanced. 
Morning flights from roosts were direct to feeding areas; in 
the primary study area, secluded marshes and sloughs were fav­
ored until late September. Morning feeding was leisurely, 
sometimes lasting for an hour. Duckweed was a common food. 
Afternoon feeding periods were shorter and ended when birds 
flew to the roost. Mid-day was largely spent preening and 
loafing. Feeding flocks usually consisted of fewer than 20 
birds. Beginning in late September, morning flights often 
left the bottoms and proceeded to the bluffs or up tributary 
valleys where acorns were found. Some birds returned to the 
bottoms; others remained on tributaries until the evening feed­
ing period. When acorns were the food, feeding periods were 
short. For example, on October 23» 1963, three separate 
flocks left the south end of Pool 9 between 9 and 15 minutes 
after sunset and flew about 1 mile southwest to the oak cov­
ered bluffs. They returned between 20 and 26 minutes after 
sunset and flew to St. Paul Slough roost about 2 miles north­
east of the feeding area. Beturning birds had conspicuously 
bulging crops. At acorn feeding sites, individual birds some­
times landed, "gobbled up" acorns and departed in less than 2 
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minutes. The most acorns found in a wood duck crop during bag 
checks was 14 white oak acoms. Many wildlife managers stated 
that field-feeding on waste grain by wood ducks had recently 
become more prevalent. After mid-October, morning flights 
were often traced to cornfields, especially in Interior Iowa, 
Twice, over 50 wood ducks were observed feeding on corn in hog 
lots. 
Weather and condition of roosting habitat determined how 
early in the fall a roost was abandoned. Boosts such as St. 
Paul Slough in Pool 9 and Buck Creek in Pool 10, which were in 
unprotected lotus beds near the foot of a pool, were usually 
abandoned by October 25; cold weather, wave action and musk-
rats removed most of the cover at these roosts by mid-October. 
On the other hand, roosts such as Glass Lake and Daytonville 
in Pools 10 and 11, which were in persistent cover such as 
willows, were used by wood ducks until mid-November. In the 
mild fall of 1963 (Table 1) abundant roosting cover survived 
through November at Glass Lake roost. Eight evening counts 
from October 27 to November 22 showed a constant rate of de­
cline in numbers as the roosting population fell from 322 to 
11 during that 4 weeks. 
Throughout this study of roosting behavior of wood duck 
populations, a particular characteristic of wood duck behavior 
was often observed; this was the tendency of wood ducks to 
give way to other waterfowl. Wood ducks often abandoned a 
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feeding or loafing area invaded by another species of duck, 
and wood ducks seldom roosted in mixed companies as other 
waterfowl did. Occasionally, blue-winged teal were seen with 
wood ducks. Phillips (1926) mentioned this preference of 
wood ducks for its own kind. 
Spring Investigations 
Spring roosting flight studies 
Spring counts made at 2-week Intervals at eight fall 
roosts in the Mississippi River bottoms showed no consistent 
pattern of numerical changes common at all roosts (Table 39). 
As spring advanced, numbers rose at some roosts, decreased at 
others, and fluctuated erratically or were relatively stable 
at still others. Boosting was generally scattered, and at 
some roosts, e.g.. Glass Lake and Bertom Lake, numbers were 
no higher than counts made at random points in surrounding 
Mississippi River bottoms. However, some fall roosts, e.g.. 
Paint Creek and White Crossing, were clearly foci for roost­
ing by wood duck pairs during spring. The spring peak in 
total numbers at eight fall roosts came during early May 
(Table 39)» when many small flocks were observed at fall roost 
areas. These were migrants passing northward; local birds had 
all arrived earlier and were usually observed in pairs, not in 
flocks, during early May. Stewart (1959) also noted that 
local breeders arrived first, and northbound transient wood 
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ducks came later. 
The possibility of using spring counts at fall roosting 
sites as an index to spring wood duck abundance proved un­
feasible. Counts at many roosts were low; only five of 20 
roosts checked were regularly used by more than 20 wood ducks. 
Also, counts were often inaccurate due to scattering and 
shifting of main roosting areas. This "nonrepeatability" of 
counts was the major failing of spring counts at fall roosts. 
Many wood duck pairs left scattered roosting sites in 
the Mississippi Hiver bottoms and made early morning flights 
to off-river feeding and nesting areas on the bluffs or in 
tributary valleys. Plight counts at the mouths of tributaries 
provided an index to wood duck numbers. A ratio of variance 
estimates obtained from morning and evening flight counts re­
peated on successive days (Table 4o) yielded an F-value which 
indicated no significant difference between variances of 
morning and evening counts at mouths of tributaries (Table 
41). The index to annual changes in spring population of wood 
ducks on the Upper Mississippi Befuge indicated a 20 per cent 
decrease in 1964 when 868 wood ducks were tallied at mouths of 
24 tributaries during third week of April; 1,082 were counted 
at the same observation points in I963 (Table 42). Analysis 
of variance of repeated counts indicated that changes in the 
population greater than 8 per cent could be detected by the 
index. 
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Comparison of river float counts and roosting flight 
counts on the same streams (Table 44) revealed that float 
counts were imprecise with uncontrollable variation from many-
sources, Plight counts had the desirable property of high 
"repeatability" and were easily and cheaply done. Bartlett's 
test for homogeneity of variance was applied to both sets of 
counts, and the hypotheses were rejected at the 0.05 signifi­
cance level that variances were heterogeneous. Analysis of 
variance revealed low sensitivty for float counts, and the 
smaller variance of flight counts was recognized at the 0.01 
significance level (Table 44). Examination of variance com­
ponents for morning roosting flight counts indicated that 
changes of 8 per cent in mean counts would be significant at 
the 0.05 level if counts from the same 25 observation points 
were compared in different years. However, float counts re­
peated on the same sample of 25 stream segments would detect 
only population changes greater than 25 per cent at the 0,05 
significance level. 
Spring populations in Pool 10 
Methods stated previously yielded estimates of 480 pairs 
in 1962 and 530 pairs in I963 for the breeding population of 
wood ducks associated with Mississippi River Pool 10, This 
was about 12 to 15 pairs per mile of main channel of the 
river. In the bottoms, density of the nesting wood duck popu­
lation was 0.5 pairs per 100 acres of habitat in I962 and 0,6 
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pairs per 100 acres in 1963. Estimates for I960, I96I and 
1964 were lower and less reliable. 
Distribution of nesting population was similar in I962 
and 1963 among the four major habitat types, i.e., Mississippi 
Elver bottoms, major tributaries, minor tributaries, and in­
termittent watercourses and bluff faces (Table 45). Using a 
contingency table, no significant difference was shown in dis­
tribution of pairs among major habitat types in different 
years. Chi-square equalled I.60 with 3 degrees of freedom; 
probability of a higher value due to sampling error was 0.66, 
Estimates of spring populations in I962 and I963 were believed 
to be accurate within 10 per cent, Bechecking sample areas 
and repeating flight counts on consecutive days gave coeffi­
cients of variation between 4 and 15 per cent. In both years 
65 per cent of the pairs nested off the refuge. Fewer than 10 
pairs, that normally spent part of each day on Pool 10, nested 
farther than 5 miles from the refuge. However, about 150 
pairs nested each spring along a 20-mile segment of Wisconsin 
Hiver from 5 miles above its confluence with the Mississippi 
River to Boscobel, Wisconsin. These birds were disassociated 
from Pool 10, but broods from there may have moved to the 
Mississippi during summer. Highest density of nesting occur­
red along the lower 3 miles of tributaries, where meanders 
and oxbow swamps were often nearby and where turbulence and 
velocity of stream-flow were markedly lower than they were 
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farther upstream. Early migrants may have been attracted to 
these tributary valleys for nesting because they were ice-free 
earlier than the Mississippi. About 40 pairs nested in the 
intensive study area along lower Paint Creek; this was just 
over two pairs per 100 acres of habitat. There was an appar­
ent downstream movement of class la (less than 1 week old) 
broods from this intensive study area; however, no broods were 
marked for positive determination of movements. 
When spring estimates of population were compared with 
fall estimates, based on mid-September counts at roosts in 
Pool 10, spring and fall numbers were apparently independent. 
Thus, neither increases nor decreases from one fall to the 
next were consistently preceded or followed by decreases or 
increases from one spring to the next (Figure 39). However, 
estimates for springs of i960, I96I and 1964 were not highly 
reliable. 
Wood duck migration was more than 1 week earlier in I963 
than in 1962 (Figure 40). Along the Mississippi River, wood 
ducks moved north as rapidly as tributaries became ice-free. 
In Pool 10, woodies were first seen on March 19, I963 on lower 
Yellow River where the ice went out on March I6; the Missis­
sippi remained ice-covered until March 24. Early-arriving 
wood ducks were in flocks of 10 to 20, which broke into pairs 
within a day. Little courting activity was observed, since 
all hens had formed pair bonds earlier. By mid-April the 
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Figure 39. Spring and fall trends in estimates of the 
resident wood duck population associated with 
Mississippi Hiver Pool 10 
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resident population was complete. 
Hens were seen examining cavities on March 25, and in 
early April three nests were checked that contained clutches 
that had been started in the last week of March—an unusually 
early laying date in that area. By May most hens were incu­
bating, and the first brood was seen on May 15, exactly 2 
weeks earlier than in 1962, Incubating hens usually left the 
nest by midmorning and flew to the nearest water. Hens re­
turned after 10 to 60 minutes, usually accompanied by a drake, 
which then flew back to a favorite waiting and loafing site. 
Drakes remained attentive to their hens until incubation was 
well advanced. Later they gathered into flocks of up to 30 
before the post-nuptial moult. No behavior interpreted as 
territorial defense was seen. Drakes often shared logs along 
streams as loafing sites while waiting for their hens on a 
nest. 
Chronology of nesting season and the earlier nesting in 
1963 were reflected in observed sex ratios (Table 46). The 
sex ratio of the resident population was estimated to be be­
tween 110 and 128 males per 100 females. The first figure was 
based on March observations before significant nesting activ­
ity occurred. However, unmated males may have tended to ar­
rive later, which supported the higher figure, Leopold (1933) 
quoted a sex ratio of 108 males per 100 females based on band­
ing records. 
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DISCUSSION 
Data from this investigation are numerous. Facts are 
less plentiful, and satisfactory interpretations and applica­
tions are difficult to make. Close association with wood 
ducks during 21 months of field work produced some opinions 
that can not be fully supported by data. Nevertheless, some 
subjective discussion seems worthwhile along with appropriate 
summary statements emphasizing the significant findings and 
applications of this Investigation, 
Wood Duck Boosts and Boosting Behavior 
Seasons were generally not apparent why a particular site 
was used as a roost. Possibly, factors determining the choice 
were evident when the roost was first established, perhaps 
many years ago. A few instances were observed of roost de­
struction or alteration of roosting habitat by water level 
changes, removal of vegetation by muskrats, and drouth. In 
these cases, wood ducks usually relocated the roost, rather 
than join existing roosts. Relocation was at the nearest 
apparently suitable site, indicating that site memory was 
probably important in determining the roost location. 
Distribution of roosts was apparently independent of num­
bers of wood ducks. Also, there was no saturation population, 
up to 5»000 wood ducks, which, when exceeded, resulted in the 
establishment of a new roost. Likewise, there was no minimum 
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number, at least down to 30» below which wood ducks would 
abandon a roost. In continuous habitat of good quality, dis­
tance between roosts averaged 6 miles and ranged from 1 to 10 
miles. 
Protection from predators was the most acceptable ex­
planation for communal roosting by wood ducks. Boosting on 
the water provided protection from predators such as raccoons 
and fozes, and emergent vegetation gave protection from great 
horned owls (Bubo virginianus Gmelin) and barred owls (Strix 
varia Barton), which were common in the study areas. Dis­
turbance of one duck by a predator would alert other birds on 
the roost. However, gregarious roosting habits certainly 
might have other survival values, which were not apparent. 
The fidelity of wood ducks to a particular roost site 
contrasted with the vagaries of other waterfowl in their un­
predictable selections of roost locations, A possible explan­
ation was generated from observations, conjecture and some 
plausible assumptions. Wood ducks seldom associated closely 
with other waterfowl. They were not aggressive and were often 
observed giving way to coots (Fulica americana Gmelin) and 
mallards (Anas platyrhynchos L,); usually they moved away from 
other species. High populations of other resident waterfowl 
species, particularly coots and mallards, probably tended to 
exclude wood ducks from marshes, especially feeding areas. 
However, one habitat type was available to the wood duck 
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virtually free from other waterfowl competition. That was the 
woodland stream habitat where pairs, broods, or small flocks 
of wood ducks could commonly be found, but it was surprising 
to see a blue-winged teal or occasionally another duck in such 
habitat. The wood duck, a tree cavity nester, may have been 
confined to the wooded stream habitat when other species of 
resident waterfowl, which nest in marshes or on adjacent up­
lands, filled the marsh habitat. Nesting habitat of wood ducks 
has been relatively unchanged, while agriculture has drastic­
ally reduced nesting habitat of species such as mallards and 
blue-winged teal. Thus, the wood duck's presence on many Iowa 
marshes may be relatively recent expansion into a partial pop­
ulation vacuum. Safe roosting areas are abundant in large 
marshes, and therefore, mallards and teal always have had 
plenty of roosting cover. Thus, no concentration of roosting 
at specific sites has been necessary for those species. How­
ever, places with emergent vegetation and no current are rare 
along woodland streams. Therefore, sites such as infrequent 
beaver ponds or backwaters with emergent vegetation could be 
expected to draw wood ducks to roost from a long segment of 
the stream. Furthermore, wood ducks would be reluctant to 
leave a roost if the next safe roosting cover were several 
miles away. In stream habitat, scarcity of safe roosting 
sites would have tended to concentrate wood ducks at the same 
roost each evening. Natural selection would favor this 
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tradition, whereby wood ducks would acquire their present 
roosting habits. This behavior persisted even when wood ducks 
recently invaded large marshes where populations of resident 
species of other waterfowl were reduced. 
Wood duck roosting flights are controlled primarily by 
light. The stimulus to leave the roost is most likely meta­
bolic, probably hunger since morning flights go directly to 
feeding areas. An illumination threshold near 1/2 foot-candle 
triggers the flight. Stimulus to return at evening is prob­
ably social; certainly it isn't hunger. Again the trigger 
governing response to the stimulus is decreasing illumination 
with the threshold some value below 200 foot-candles. 
Seasonal changes in times of flights are not compensation 
for shorter daylight feeding hours or for greater energy de­
mands as has been postulated for other species. Bather, such 
changes are responses to changing intensity of the stimuli at 
a particular sun-time. That is, as sunrise becomes later with 
respect to clock-time, the hunger stimulus builds up over a 
longer time and therefore becomes more intense at a given sun-
time, Thus, the threshold of illumination required to initiate 
flight becomes gradually lower as fall advances. Likewise, 
evening flights occur later with respect to sunset because the 
stimulus to recongregate has had less time since dispersal 
from the roost to build up to an intensity necessary for ac­
tion, Thus, evening flights are triggered by gradually lower 
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light values as the days shorten. Evening flights are more 
variable than morning flights since different birds are dif­
ferent distances from the roost, are in different sizes of 
flocks and may have experienced vastly different days. 
Wood duck roosting flights can, therefore, be described 
as functions of time, but they are responses to endogenous 
stimuli and operate within limits of illumination which change 
in a predictable manner as the season advances. 
Estimates of Wood Duck Populations 
Leopold (1933) called census the yardstick of wildlife 
management. Regulation of hunting and evaluation of manage­
ment programs require reliable population estimates or indices 
of trends in relative abundance. This information is diffi­
cult to acquire for the wood duck, for it is a migratory and 
mobile species often characterized by large and rapid popula­
tion changes. Paradoxically, individual wood ducks are rela­
tively easy to watch, while populations of wood ducks are 
among the most difficult waterfowl to follow. No one inven­
tory technique will provide all infonnation needed for en­
lightened management. However, indices or censuses based on 
roosting flight counts will help fill a large hiatus in our 
knowledge of wood duck populations. 
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Fall roosting flight counts 
Several tacit assumptions were made in using roosting 
flight counts. First; it was assumed that all wood ducks used 
communal roosts. This was apparently true after mid-September 
when all wood ducks were capable of flight and when scattered 
roosting away from main roosts was no longer seen. Intensive 
search in Pool 10 indicated that virtually all wood ducks used 
six roosts after September 15; following flights from feeding 
areas in late afternoon always led to these main roosts. Also, 
all sex and age classes were represented in the small sample 
of wood ducks trapped on roosts or observed among early eve­
ning arrivals at roosts, although adults were disproportion­
ately few in these incomplete observations. Total numbers 
seen at roosts added circumstantial evidence to support the 
contention that essentially all wood ducks used communal 
roosts. Time after time, many more wood ducks were counted 
at roosts within a habitat unit than were estimated for the 
total population of the area, even when the estimates came 
from experienced wildlife managers living on the area. 
A second assumption was that annual changes in fall pop­
ulations were reflected in changes in roosting flight counts 
made in late September. Again, the intensive investigation 
in Pool 10 supported the validity of this assumption. Direc­
tion of change in numbers each fall was the same at all five 
roosts within the pool, although magnitude of change varied 
118 
among roosts (Figure 29). Also, although drouth or flooding 
caused minor shifts in locations of main roosts, the number 
of roosts in the pool was constant despite large fall-to-fall 
changes in wood duck abundance (Table 29), 
Strict randomization was not always possible, primarily 
because sampling frames, i.e., lists of all roosts within hab­
itat units, were incomplete except in the primary study area, 
Mississippi Elver Pools 9, 10 and 11, Therefore, roosts in­
cluded in coordinated counts and the roosting flight count 
index were not random samples, although they were believed to 
be representative of all roosts. The most likely bias in an 
incomplete list of roosts was that small roosting populations 
were probably missed more often than large roosts; if so, then 
estimates of variance of counts would probably be inflated. 
Estimates of variance of counts, and hence the estimate of 
sensitivity of the roosting flight count index, came from a 
random sample drawn from an incomplete frame. Information on 
populations in Pool 10 and data used to describe seasonal 
changes came from random samples from complete frames. 
One possible procedure for using roosting flight counts 
is area sampling. Permanent sample areas could be selected 
and all roosts located on these areas could be checked each 
fall as was done in Pool 10, Changes on these sample areas 
might correspond to wood duck population changes over a large 
area. There are possibilities for serious errors. First, 
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much field work is required to be certain that all roosts in 
an area such as Pool 10 have been found. Second, it is diffi­
cult to define a sample area so that all birds within the area 
and only those birds are counted at the roosts. Finally, ex­
tension of trends on these areas to non-sample areas is done 
with unknown risks; the per cent of total habitat sampled 
would have to be unrealistically large to make the procedure 
acceptable to this author. However, roosting flight counts at 
interior Iowa marshes and other habitat islands may constitute 
a virtual census and are often valuable to a wildlife manager 
concerned with those sample areas. 
Roosting flight counts are most useful when the sampling 
unit is a roost instead of an area. An index to changes in 
abundance of wood ducks can be based on flight counts made at 
a sample of roosts drawn from a list of all known roosts with­
in some area. In Iowa and adjacent upper Mississippi River 
Valley areas, September 20 is the preferred target date. If 
necessary, counts made before September 15 could be adjusted 
to September 20 using the common regression coefficient of 123 
birds per week (Figure 28; Table 26). Counts made after Sep­
tember 25 may be affected by migration, A few reliable ob­
servers, each checking several roosts during September 15-25, 
are preferable to many observers, each checking one roost on 
September 20. 
Results from counts at roosts in Pool 10 (Tables 31-32) 
120 
show, that for estimating trends, it is desirable to use the 
same sampling units in each successive survey, thereby elim­
inating large random differences introduced by new samples 
each year. However, Sampford (1962) pointed out that any 
suitable scheme must include machinery for bringing the sample 
"up to strength" at each survey, since sampling units some­
times disappear or are altered. Although roosts are generally 
permanent, drouth, drainage, flooding, or other factors may 
destroy a roost or otherwise make it obviously uncomparable 
from one year to the next. Such units should be dropped from 
the sample and replaced by other roosts drawn from the list. 
Of course, only roosts with counts in 2 consecutive years may 
enter into the index. 
A present weakness in the roosting flight count index is 
incompleteness of the sampling frame. But serious efforts to 
find roosts by participants in the coordinated count should 
improve the list each year. Also, a consistent bias is of 
little concern in estimating trends. 
If 25 roosts were drawn from a list of all roosts in the 
Mississippi River bottoms bordering Iowa and the same roosts 
were checked by one observer under ideal conditions in con­
secutive years, then the smallest detectable difference in 
average number of wood ducks per roost would be about 3 per 
cent at the 95 per cent confidence level. However, different 
observers, probable replacement of some sampling units. 
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weather, and other variables make this magnitude of sensitiv­
ity unattainable. Waterfowl managers are seldom concerned 
with annual changes smaller than 15 per cent, and it is doubt­
ful that the hunting kill can be regulated to consistently 
control harvest within 15 per cent of a chosen figure. There­
fore, changes smaller than 15 per cent in the index should be 
considered nonsignificant. 
Boosting flight count data collected in September are too 
late for use in determining current hunting regulations; they 
might indicate a need for emergency restrictions in some 
falls. Normally, the roosting flight count index will be most 
valuable in evaluating long-term effects of management pro­
grams; the index will provide the best estimate available for 
trends in annual production, i.e., ducklings raised to flying 
age. 
Spring census methods 
The spring flight count index, which was developed for 
estimating trends in numbers of nesting wood ducks using the 
Upper Mississippi Befuge, was based on the assumption that 
changes in populations nesting on tributaries were similar to 
fluctuations in the total breeding populations associated with 
the refuge. This appeared to be true but was not proven. In 
1963» distribution of pairs among habitat types was similar 
to percentages of the population in each habitat in 1962 when 
the total population was 10 per cent lower. 
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If flight counts were made by the same observers at the 
mouths of the same 25 streams during April 15-25 of consecu­
tive years, a mean difference of 8 per cent between counts 
compared on the same stream would be significant at the 95 
per cent confidence level. This would indicate a population 
change under the assumptions made. Here too, changes of less 
than 15 per cent in the index should be ignored because of 
small expected variation from different observers, weather 
and possibly habitat changes. The high biotic potential of 
the species and the unrefined management techniques generally 
in practice make fluctuations of less than 15 per cent unim­
portant , 
The index may not be widely applicable. The particular 
distribution of habitat and favorable topography on the Upper 
Mississippi Refuge permitted accurate counts to be made during 
mid-April at mouths of tributaries as wood ducks passed be­
tween scattered roosting sites in the bottoms and nesting 
areas in tributary valleys. Elsewhere, other census methods 
may be more reliable. River float counts had little to recom­
mend them. They were time consuming and subject to variation 
from many uncontrollable sources. Nest box use is an index of 
unknown value, its reliability probably depending on the par­
ticular area. Nowhere has its reliability been investigated 
and established to this author's satisfaction, although in 
Illinois, Bellrose (1964a) has been answering some important 
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questions about it. Nest box use might vary with proportion 
of 1-year-old hens in the population, habitat condition, 
abundance of competitors for nesting cavities, and other fac­
tors not yet investigated. Pair counts on sample areas or 
transects were helpful in estimating populations in the bot­
toms, However, amount of time required to get reliable esti­
mates would be prohibitive in most cases except an intensive 
research project, Running transects with a canoe or on foot 
yielded better quality data than were obtainable from a motor-
boat, airplane, or automobile. 
Wood Duck Populations 
Distribution and abundance of the wood duck in Iowa are 
greater than generally supposed. During this study wood ducks 
were found throughout the northern and eastern two-thirds of 
the state; probably the species nested in every Iowa county. 
Ten counties bordering the Mississippi River constituted the 
major production area for wood ducks. During this study the 
wood duck population in Iowa in September must have exceeded 
50,000 and may have been 100,000 in I96O and I962. 
The wood duck has responded to management and has shown 
a remarkable ability to adapt to civilization. Protection 
from hunting brought the species from the verge of extinction 
(Bellrose, 1958), and it is now the most abundant nesting duck 
in most Mississippi Flyway states. McCabe (19^ 7) reported 
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successful establishment of a breeding population by trans­
planting 4-week-old wood ducks. Bellrose (1964b) gave an 
example of the species* readiness to use nest boxes, Bellrose 
(1958) also noted 10,000 wood ducks feeding in wheat stubble 
in Illinois in 1938, and many waterfowl managers have com­
mented on increasing tendency of wood ducks to adopt field-
feeding habits. Musselman (1948) discussed the increased 
number of instances of wood ducks nesting in trees in parks, 
cemeteries and school yards. 
Prior to 1900 approximately 6 million acres of waterfowl 
nesting and rearing habitat existed in Iowa; less than 5 per 
cent of equivalent habitat remained in I965. Yet, the wood 
duck was the only waterfowl to increase its breeding range and 
population density in Iowa since I943 (Sieh, 1953). 
However, in Iowa and the upper Mississippi River Valley 
wood duck populations generally did not appear to approach 
carrying capacity of the habitat included in this investiga­
tion. Everywhere, food was abundant and available, and utili­
zation by wood ducks hardly diminished the supply. Nesting 
sites might have been scarce at some interior Iowa marshes, 
but along streams and near the Mississippi River natural cav­
ities were far in excess of need. Reliable numerical esti­
mates of populations in my study areas were rare in the liter­
ature, Morf (1942) estimated that some 2,000 wood ducks 
nested along the Mississippi River from Dubuque, Iowa to 
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Savana, Illinois, about 4o miles of river channel. In Pool 
10, an area of similar size and habitat quality, approximately 
530 pairs nested in I963. 
The wood duck is a resilient species as this study in­
dicated. In Pool 10 alternate decreases and increases in num­
bers from fall to fall averaged nearly 50 per cent (Table 29), 
Likewise, the coordinated counts and roosting flight count 
index showed that populations fluctuated widely from year to 
year (Tables 35-37). Wood duck nesting sites are relatively 
secure from flood and drouth that affect production of many 
•waterfowl, and the lack of territorial behavior reduces the 
limit on density of nesting which most waterfowl exhibit. 
Wood duck nesting approaches colony nesting in some places. 
Also, there is a high reproductive potential, long nesting 
season and persistent renesting attempts if a clutch is de­
stroyed, All combine to indicate that the observed large 
year-to-year fluctuations in numbers about some mean may be 
normal, 
With abundant food and a relatively secure habitat, what 
then limits wood duck numbers in Iowa and the upper Mississippi 
River Valley? Hunting is a prime suspect. Annual mortality 
in a wood duck population commonly approaches or exceeds 50 
per cent with a higher rate for juveniles than for adults; 
hunting kill accounts for a major portion of the mortality in 
many areas (Grice, 1959» Stewart, 1959a; Bellrose, 1964b). 
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Gels (1963) pointed out that phenomena that cause hunting 
regulations to have little effect on status of resident game 
species don't apply to migratory game birds; Increased hunting 
mortality Isn't compensated for by either a reduction In non-
hunting mortality or by increased production. Hochbaum (1955) 
emphasized the danger of local populations being "burned out" 
in early hunting seasons before radial dispersal of waterfowl 
occurred. Sieh and Aspelmeier (1962) reported that a 1-week 
delay of the hunting season to October 21, I96I, was largely 
responsible for a 68 per cent drop in the wood duck kill at 
Lake Odessa, Iowa. Martin (1957b) and Smith (1959) recognized 
that wood ducks were especially vulnerable to hunting near 
sunrise and sunset, i.e., during roosting flight periods. 
Results of vigorous programs to band wood ducks in Iowa and 
other Mississippi Plyway states in recent years will undoubt­
edly help evaluate the role of hunting in limiting wood duck 
numbers. 
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BECOMMENDATIONS 
Interest in wood duck management and research should not 
be allowed to lose any momentum because of termination of this 
Investigation, Therefore, some general recommendations for 
management consideration will be made and specific procedures 
will be outlined for implementing roosting flight count in­
dices, Hecommendations for research will follow. 
Management 
Fall roosting flight counts can provide an index to trends 
in year-to-year changes in abundance of wood ducks. In Iowa 
and adjacent upper Mississippi Elver Valley areas counts 
should be made during September 15-25 with September 20 as the 
preferred target date. Counts should include all birds arriv­
ing at the roost from 20 minutes before sunset to 40 minutes 
after sunset. Days with dark clouds or winds above 15 miles 
per hour should be avoided. In general, the best observation 
point is low, near the roost center and selected so that most 
incoming birds can be counted against a light sky background. 
Whenever possible the same observers should make the same 
counts each year; an observer checking a roost for the first 
time should repeat the count on two or more evenings and re­
port the highest figure. Any roost where habitat conditions 
and counting accuracy are comparable in 2 consecutive years 
may enter into the index. Total number of wood ducks in all 
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counts adinlssable to the Index are compared for last year and 
this year to get this year's index value; e.g., the formula 
for the 1965 index value is 
1965 index value = 1964 Index value x ItZl ' 
Values for 1959 through 1964 are given (Table 37). Year-to-
year changes smaller than 15 per cent are ignored. Only 2 
consecutive years may be compared. 
Maintaining or raising the strength of the sample is a 
vital part of the procedure. Thus, in 1965 some roosts must 
be checked which won't contribute to the 1965 index value 
because accurate counts were not obtained there in 1964. How­
ever, they will enter into the 1966 value if these replacement 
units are checked again that fall. The I965 index value will 
depend on a small sample; accurate counts were not obtained at 
many roosts in 1964 because of adverse weather during the 
census period. 
Separate indices are proposed for the Upper Mississippi 
Befuge (Table 49) and Iowa exclusive of the Upper Mississippi 
Befuge (Table 50) since separate agencies are primarily re­
sponsible for waterfowl management in each area. Sampling 
frames are inadequate for other regions. However, managers of 
units such as Squaw Creek National Wildlife Refuge and Louisa 
Unit of Mark Twain National Wildlife Refuge may wish to con­
tinue counts at all roosts on their areas in order to obtain 
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minimum population estimates for those smaller habitat units. 
The wider application of the technique must await compilation 
of lists of roosts, i.e., sampling frames, for other areas. 
Boosting flight counts and associated data should be re­
corded in a uniform manner. Copies of forms used in this in­
vestigation may be obtained from the Iowa Cooperative Wildlife 
Research Unit. If a region-wide census is adopted or if fur­
ther analysis of roosting flight count data is contemplated, 
computer analysis may be advisable. In that event, uniform 
coding of data is desirable; instructions for coding for IBM 
used in this study may be obtained from the Iowa Cooperative 
Wildlife Research Unit, also. 
Spring flight counts at mouths of tributaries can furnish 
an index to trends in numbers of nesting wood ducks associated 
with the Upper Mississippi fiefuge. Counts should be made dur­
ing April 15-25 with April 20 the preferred target date. The 
counting period is from 4o minutes before sunrise to 20 min­
utes after sunrise or from 20 minutes before sunset to 4o min­
utes after sunset. Either counting period is acceptable, but 
the same period should always be used at one observation point. 
Mornings may be better because of less interference from traf­
fic or people. Again, days with dark clouds or high winds 
should be avoided. Counts should include all wood ducks pass­
ing the observation point in any direction. Three or more 
streams should be checked in each district of the Upper Mis­
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sissippi Befuge (Table 42). Each district manager should be 
responsible for the counts in his district. Three additional 
streams should be checked on the refuge as replacement units. 
Tributaries on the west side of the Mississippi Biver are 
preferred because the observer will then count against the 
lightest portion of the sky. Total numbers from all compar­
able counts are compared in consecutive years. Changes in 
the totals smaller than 15 per cent are unimportant. 
Hunting kill must be restricted to less than the annual 
increment from production if wood duck numbers are to increase 
in Iowa and the upper Mississippi Biver Valley. Delaying the 
opening date of the hunting season is administratively feas­
ible and effective in reducing wood duck harvest. It is espe­
cially important to delay hunting until after radial dispersal 
has occurred in late September. Wood ducks are extremely vul­
nerable to hunting on their natal areas. The possibility that 
hunting will "bum out" local populations is especially high 
if populations are below carrying capacity. Lack of pressure 
from within the population and strong homing tendency of the 
hens make wood ducks slow to pioneer or repopulate new terri­
tory. Delay of hunting until migrants have diluted local 
populations in mid-October should be considered. 
Hunting hours also affect the kill. Wood ducks are most 
vulnerable before sunrise and after sunset, i.e., during 
roosting flight periods. If hunting is allowed before sunrise 
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or after sunset, as it was in i960, it might be wise to ban 
hunting at known roosts—a difficult task for administrative 
and enforcement personnel. 
Restrictive bag limits are least effective when popula­
tions are lowest. The author's limited experience observing 
and interviewing waterfowl hunters indicates that few hunters 
are skilled at identifying species of flying ducks. Manipula­
tions of open seasons, hunting hours and closed areas are more 
realistic and effective than limiting the number of wood ducks 
a hunter may shoot legally. 
Wildlife managers can complete the important task of find­
ing and reporting roosts. Complete lists are needed in all 
areas to improve samples used in the roosting flight count in­
dex, to complete knowledge of distribution of wood ducks, and 
to facilitate protection of roosts from disturbance. 
Research 
An experimental rather than a survey approach will be 
most fruitful in future research on roosting behavior of wood 
ducks. Controls will be required to manipulate habitat and 
roosting populations. 
Comparative data are desirable on roosting habits, roost 
distribution and dates of peak use of roosts in different 
latitudes. 
Perfected techniques are needed for capturing wood ducks 
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on roosts in Iowa and the upper Mississippi River Valley, 
Frequent trapping and banding or marking of wood ducks on one 
or several adjacent roosts would yield information on propor­
tions of each age and sex class using roosts throughout the 
season. Also, inter-roost movements and rate of migration 
might be revealed, Brenton Slough roost or North Colyn and 
Browns Slough roosts would be suitable sites for experiments 
in roost-trapping in Iowa. 
Much basic research remains to be done on the wood duck. 
Knowledge of behavior and population dynamics is largely de­
scriptive and incomplete. We need to understand mechanisms 
that determine behavior and populations so that effective con­
trols can be applied for specific management goals. However, 
some suggestions can be made for investigations which are 
likely to yield results with Immediate management implications 
in Iowa and the upper Mississippi Elver Valley. 
The greatest gap in wood duck census data is lack of a 
satisfactory method for estimating production, A reliable 
technique is needed to measure wood duck populations late in 
the brood-rearing period, preferably in early August, just be­
fore hunting regulations are set. 
Causes and rate of mortality of young broods should be 
determined, and management recommendations should be made to 
improve brood survival. Along the Mississippi Elver failure 
of newly hatched broods to reach the water was a major drain 
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on wood duck productivity. In 1963, in Clinton, Iowa, 13 wood 
duck broods were known to have been picked up by well-meaning 
but uninformed persons. Also, broods often failed to find a 
way across the railroad tracks that border both sides of the 
Mississippi fiiver. These losses of young broods are much more 
serious than losses of nests, since hens do not normally re-
nest after losing a brood as they commonly do after losing a 
clutch of eggs. 
Nesting success and brood survival need to be compared in 
different habitats; possibly, management should encourage 
nesting in the bottoms and discourage nesting on the bluffs, 
or vice versa. 
Brood movements, especially on tributaries of large 
rivers, need to be investigated. This will likely involve 
trapping and marking of young ducklings or dying ducklings in 
the egg. Apparently, some broods move considerable distances 
after hatching. Habitat requirements for nesting and brood-
rearing areas are unknown. 
Studies are needed of availability and preferred types of 
natural cavities for nesting in different habitats. There are 
no well founded recommendations available that state what 
species, locations and forms of trees should be preserved for 
potential nest sites. 
Values of small impoundments for wood ducks should be as­
certained and recommendations made for pond construction that 
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will provide habitat for wood ducks. 
A blood parasite, Haemoproteus nettionis. occurred in 77 
of 168 blood smears collected on the Upper Mississippi Hefuge 
in 1963; the survey was done by David Roslien from the Iowa 
Cooperative Wildlife Besearch Unit. The possibility should be 
Investigated that this or other blood parasites cause mortal­
ity, especially of young ducklings. 
New impoundments under construction or porposed in Iowa 
provide an opportunity to study rates at which wood ducks 
pioneer into newly created habitat, or in some cases, the ad­
verse effect of large impoundments on wood duck populations. 
The entire question of value, type and placement of nest­
ing boxes should be investigated only on a long term and large 
scale basis. Research on nest boxes in Iowa and adjacent 
areas has generally been inconclusive due to haphazard meth­
ods, lack of definite objectives and failure to study more 
than initial success or failure of boxes. Sound statistically 
designed experiments should evaluate different types of boxes 
and many aspects of placement in relation to habitat types. 
Wood duck population density, abundance of predators, and 
availability of natural cavities should be included in the 
investigation. Effects of boxes on populations must be meas­
ured, not merely use of boxes. The recommendation here is for 
a major committment of resources over 10 years or more, or 
else don't start the investigation. 
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A final recommendation is for a wood duck research pro­
gram of integrated projects that seek a basic understanding 
of wood duck behavior, ecology and population dynamics. This 
implies that the wood duck must be studied as an Inseparable 
component of its environment. 1^  also implies that much must 
be learned about its behavior, ecology and basic biology be­
fore we will fully understand wood duck roosting flight phe­
nomena . 
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Table 1, Some weather records from northeast lowa^ 
(United States Weather Bureau, 1961-1964) 
Observation i960 1961 1962 1963 
Annual precipitation (inches) 36.0 41,1 33.7 26.8 
Deviation from normal 
precipitation (inches) 3.8 8.9 1.7 -5.2 
Month and day of spring that 
minimum temperature last 
reached: 
o
 o
 
<m 
IV- 2 III-IO 
24° F IV- 3 III-22 
28° F IV-16 III-22 
Month and day of fall that 
minimum temperature last 
reached: 
32° F X-19 IX-28 X-24 XI- 1 
28° F X-20 XI- 3 X-24 XI- 2 
24° F X-21 XI- 8 X-26 XI- 2 
pth o o
 
cm 
XI- 7 XI-28 XII- 6 XI-23 
P^recipitation data are averages from all recording sta­
tions in the northeast fifth of Iowa; temperatures are from 
the recording station at Lock and Dam 10, Guttenberg, Iowa, 
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Table 2. Common and scientific names of some important 
plants in the upper Mississippi River Valley 
Common name Scientific neune 
Water-velvet Azolla caroliniana Willd, 
Bur-reed Sparcanium eurycarpum Eneelm. 
Pondweeds Potamoeeton sptd. 
Cat-tail Typha latifolia L. 
Arrowhead Saeittaria latifolia Willd, 
Water-weed Elodea Canadensis Kichx. 
Cordgrass Srartina pectinata Link 
Rice-cutgrass Leersla oryzoldes (L.) Sw. 
Wild rice Zizanla aauatlca L. 
Cyperus Cyperus erythrorhlzos Muhl, 
Elver bulrush Scirpus fluvlatilis (Torr.) Gray 
Sedges Carex spp. 
Duckweeds Lemna spp. 
Water meal Wolffla sp. 
Black willow Salix nigra Marsh. 
Shagbark hickory Carya ovata (Mill) K. Koch 
American hazel Corylus americana Walt. 
Butternut . Jufclans cinera L, 
Black walnut JuKlans nigra L. 
White oak Quercus alba L. 
Bur oak Quereus macrocarpa Michx. 
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Table 2. (continued) 
Common name Scientific name 
Northern red oak Quercus rubra L., var. borealis (Michx.) 
Black oak Quercus velutina Lam. 
Slippery elm Ulmus rubra Muhl. 
American elm Ulmus americana L, 
Docks Rumex crispus L., R. verticullatus L. 
Smartweeds Polygonum pensylvanicum L., P. punctatum 
L,, P. lapathifolium L. 
Coontail CeratOTDhyllm demersum L, 
American lotus Nelumbo lutea (Willd.) Pers, 
Serviceberry Amelanchier canadensis (L,) Medic. 
Sugar maple Acer saccharum Marsh, 
Box-elder Acer nemindo L. 
Linden (Basswood) Tilia americana L. 
Green ash Praxinus pennsulvanica Marsh., var. 
subintegerrima (Vahl) Fern. 
Stick-tight Bidens cernua L. 
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Table 3» Locations of fall wood duck roosts®' 
Town 
Boost County State Section ship Bange 
Bertom Lake Grant Wise. NE 1/4, 35 3 N 5 W 
Big Lake Allamakee Iowa NW 1/4, 8 99 N 4 W 
Big Marsh Butler Iowa S 1/2, 25 91 N 17 W 
Brenton Slough Dallas Iowa NW 1/4, 13 80 N 26 W 
Browns Slough Lucas Iowa NE 1/4, 34 71 N 20 W 
Buck Creek Clayton Iowa NW 1/4, 4 92 N 2 W 
Bur Oak Lake Emmet Iowa SE 1/4, 21 98 N 33 W 
Buzzard Marsh Chicksaw Iowa 26 94 N 13 W 
Cardinal Marsh Winneshiek Iowa NW 1/4, 7 98 N 10 W 
Cattail Creek Whiteside 111. SE 1/4, 4 91 N 3 E 
Coralville Johnson Iowa NW 1/4, 29 81 N 7 W 
Crooked Creek Houston Minn. NW 1/4, 1 101 N 4 W 
Daytonville Dubuque Iowa NE 1/4, 3 89 N 2 E 
Doty Pond Carroll 111. SW 1/4, 13 24 W 3 E 
Foley Point Pairbault Minn. SE 1/4, 20 o 1
—
1 
N 24 W 
Glass Lake Crawford Wise. W 1/2, 18 5 N 6 W 
Goose Lake Clinton Iowa N 1/2, 29 83 N 5 E 
Goose Pond Louisa Iowa SE 1/4, 27 74 N 2 W 
Grant Hiver Grant Wise. NW 1/4, 8 2 N 3 E 
Green Island Jackson Iowa NW 1/4, 21 
00 
N 6 E 
Keithsburg Mercer 111. NW 1/4, 15 73 N 1 W 
Launsen Allamakee Iowa NE 1/4, 5 99 N 4 W 
L^egal descriptions of locations in Wisconsin ana Illinois 
are surveyed from the fourth prime meridian; in Iowa, Minnesota 
and Missouri the fifth prime meridian is used. 
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Table 3, (continued) 
Town-
Boost County State Section ship Bange 
Lawrence Lake Houston Minn. NW 1/4, 12 103 N 4 w 
Little Goose Pond Louisa Iowa NW 1/4, 17 74 N 3 W 
Little Maquoketa Dubuque Iowa 26 90 N 2 E 
Meyers Pond Bremer Iowa SE 1/4, 26 93 N 12 W 
Mickelsons Whiteside 111. 3 22 N 3 E 
Muskrat Lake Louisa Iowa NW 1/4, 16 74 N 3 W 
Noble Lake Harrison Iowa SE 1/4, 35 78 N 44 W 
North Colyn Lucas Iowa NE 1/4, 30 71 N 20 W 
Osage Mitchell Iowa SE 1/4, 13 97 N 17 w 
Paint Creek Allamakee Iowa NE 1/4, 10 96 N 3 W 
Pollic Pond Grant Wise. 11 3 N 6 w 
Rice Lake Worth Iowa SW 1/4, 20 99 N 22 w 
St. Paul Slough Allamakee Iowa 8 97 N 3 w 
Spring Lake Carroll 111. NE 1/4, 15 24 N 3 E 
Squaw Creek Bluff Holt Mo. SE 1/4, 7 61 N 38 w 
Squaw Creek Main Holt Mo. W 1/2, 29 61 N 39 W 
Statehouse Allamakee Iowa NW 1/4, 16 99 N 4 w 
Sweet Marsh A Bremer Iowa SW 1/4, 35 93 N 12 W 
Sweet Marsh C Bremer Iowa NE 1/4, 34 93 N 12 w 
Swift Chute Louisa Iowa NW 1/4, 22 74 N 12 w 
Union Slough H-1 Kossuth Iowa SW 1/4, 9 97 N 28 w 
Union Slough H-3 Kossuth Iowa NW 1/4, 35 98 N 28 w 
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Table 3. (continued) 
Roost County State Section 
Town­
ship Range 
Union Slough H-5 Kossuth Iowa SW 1/4, 14 98 N 28 W 
Wagner Township Clayton Iowa SE 1/4, 30 94 N 5 w 
Weise Slough Muscatine Iowa NW 1/4, 19 78 N 2 W 
White Crossing Jackson Iowa NW 1/4, 7 84 N 7 E 
Winneshiek Lake Crawford Wise. SE 1/4, 13 10 N 7 W 
Winneshiek Slough Crawford Wise. SW 1/4, 3 11 N 7 W 
Wisconsin River Crawford Wise, SW 1/4, 7 6 N 6 W 
Yellow River Crawford Wise. SE 1/4, 11 7 N 7 W 
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Table 4. Results of linear regression analysis of data 
showing seasonal changes in times of wood duck 
roosting flights in relation to sunrise during 
mid-August to November, 1959-1963 
Degrees 
Begression equat^ on^  of 
Event Year Y = y + b(X - x) freedom t-value® 
1959 y -28 0.052(X 277) 12 -0.44 
Start of i960 y -28 - 0.009(X - 266) 37 -0.17 
morning 1961 y -29 - 0.219(X - 259) 7 -2.79* 
flight 1962 y = -29 - 0.037(X - 268) 25 -0.83 
1963 y = -28 - 0.332(X - 262) 8 -3.19* 
1959 y -22 - 0.210(X - 277) 12 -2.32* 
Peak of i960 y = -22 - 0.129(X - 266) 37 -2.44* 
morning 1961 y -23 - 0.095(X - 259) 7 -0.49 
flight 1962 y = -21 - 0.185(X - 268) 25 -2.81* 
1963 y = -20 - 0.251(X - 262) 8 -1.75 
1959 y - 7 o.56o(x 277) 12 -3.44* 
End of i960 y -10 - 0.288(X - 266) 37 -3.55* 
morning 1961 y = - 4 - 0.617(X - 259) 7 -5.92* 
flight 1962 y 
- 7 - o.38o(x - 268) 25 -4.37* 
1963 y = 
- 7 - 0.549(X - 262) 8 -5.16* 
1959 y 21 _ 0.526(X 277) 12 -2.69* 
Morning i960 y = 18 - 0,258(X - 266) 37 -3.61* 
flight 1961 y 25 - 0.399(X - 259) 7 -3.42* 
duration 1962 y = 22 - 0.343(X - 268) 25 -4.60* 
1963 y 21 0.217(X — 262) 8 -2.01 
R^egression equation is interpreted as follows: 
Y = number of minutes from sunrise at which the event 
_ occurs for a given value of X, 
y = mean number of minutes from sunrise at which the 
event occurred for the sample. 
b = sample regression coefficient; i.e., change in 
minutes per day for time of the event. 
X = day of the year numbered from January 1. 
X = mean day of year for the sample. 
t^-value tests the null hypothesis that the regression 
coefficient is zero; asterisk indicates rejection of the 
hypothesis at 0.95 confidence level. 
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Table 5. Results of linear regression analysis of data 
showing seasonal changes in times of wood duck 
roosting flights in relation to sunset during 
mid-August to November, 1959-1963 
Degrees 
Regression equatl^ on of , 
Event Year Y=y+b(X-x) freedom t-value 
1959 Y — -17 + 0.45l(X 280) 15 1.60 
Start of i960 Y = - 6 + O.3O6(X - 267) 54 3.12* 
evening 1961 Y = 
- 3 + 0.395(2 - 270) 44 6.56* 
flight 1962 Y = 
- 5 + 0.599(X - 268) 42 6.44* 
1963 Y + 4 + 0.665(X — 272) 32 9.77* 
1959 Y 9 + 0.384(X _ 280) 15 2.67* 
Peak of i960 Y = 17 + 0.091(X - 267) 54 1.71 
evening 1961 Y 17 + 0.192(X - 270) 44 2.79* 
flight 1962 Y 17 + 0.195(X - 268) 42 3.05* 
1963 Y = 20 + 0.355(X - 272) 32 5.45* 
1959 Y ZZ 23 + 0.246(X — 280) 15 2.70* 
End of i960 Y = 27 + 0.017(X - 267) 54 0.36 
evening 1961 Y = 27 + 0.027(X - 270) 44 0.37 
flight 1962 Y = 29 + 0.132(x - 268) 42 3.03* 
1963 Y 29 + 0.237(X - 272) 32 4.52* 
1959 Y 36 - 0.565(X — 280) 15 -2.95* 
Evening i960 Y 33 - 0.292(X - 267) 54 -3.62* 
flight 1961 Y 31 - 0.317(X - 270) 44 -5.44* 
duration 1962 Y = 35 - 0.468(X - 268) 42 -10.63* 
1963 Y — 26 — 0.418(X — 272) 32 -7.19* 
R^egression equation is interpreted as follows: 
Y = number of minutes from sunset at which the event 
_ occurs for a given value of X. 
y = mean number of minutes from sunset at which the 
event occurred for the sample, 
b = sample regression coefficient; i.e., change in 
minutes per day for time of the event. 
X = day of the year numbered from January 1. 
X = mean day of year for the sample. 
t^-value tests the null hypothesis that the regression 
coefficient is zero; asterisk indicates rejection of the 
hypothesis at 0.95 confidence level. 
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Table 6, Analysis of covarianoe of time in relation to 
sunrise associated with start of morning roosting 
flights of wood ducks during August-November, 
1959-1963 
Degrees Probability 
Source of Regression of Mean P- of a higher 
variation coefficient freedom square value P-value 
1959 -0.052* 12 31.6 
i960 -0.009 37 42.4 
1961 -0.219 7 11.0 
1962 -0.037 25 17.2 
1963 -0.332 8 13.9 
Regression 4 41.1 1.42^  0.24 
Within years 89 28.9 
Adjusted means 4 4.3 0.15* above 0.5 
Common -0.50 93 29.5 
Total 97 
•^Regression equations are given in Table 4. 
P^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; 
the hypothesis is accepted. 
op-value tests the null hypothesis that no differences 
exist among adjusted means for start of morning flights in 
different years; the hypothesis is accepted. 
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Table ?. Analysis of covariance of time in relation to 
sunrise associated with peak of morning roosting 
flights of wood ducks during August-November, 
1959-1963 
Source of 
variation 
Regression 
coefficient 
Degrees 
of 
freedom 
Mean 
square 
P-
value 
Probability 
of a higher 
F-value 
1959 
1960 
1961 
1962 
1963 
-0.210* 
-0.129 
-0.095 
-0.185 
-0.251 
12 
3? 
7 
25 
8 
18.3 
39.6 
67.4 
37.6 
26.7 
Regression 
Within years 
4 
89 
165.0 
37.2 
4.44b above 0.005 
Adjusted means 
Common 
4 
93 
18.0 
42.7 
Total 97 
R^egression equations are given in Table 4. 
bp-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; 
the hypothesis is rejected. 
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Table 8, Analysis of oovarlance of time in relation to 
sunrise associated with end of morning roosting 
flights of wood ducks during August-November, 
1959-1963 
Source of 
variation 
Regression 
coefficient 
Degrees 
of 
freedom 
Mean 
square 
f-
value 
Probability 
of a higher 
P-value 
1959 
1960 
1961 
1962 
1963 
-0.560* 
-0.288 
-0.617 
-0,380 
-0.549 
12 
37 
7 
25 
8 
59.0 
92,9 
19.4 
65.7 
14.5 
Regression 
Within years 
4 
89 
80.8 
67.9 
1,19b 0.4 
Adjusted means 
Common -0,363 
4 
93 
215.5 
68.4 
3.12° 0.023 
Total 97 
R^egression equations are given in Table 4. 
bp-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is accepted. 
op-value tests the null hypothesis that no differences 
exist among adjusted means for end of morning flights in 
different years; the hypothesis is rejected at the 0.95 con­
fidence level. 
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Table 9. Analysis of covariance of duration of morning 
roosting flights of wood ducks during August-
November, 1959-1963 
Degrees Probability 
Source of Regression of Mean P- of a higher 
variation coefficient freedom square value F-value 
1959 -0.526* 12 85.0 
i960 -0.258 37 72.2 
1961 -0.399 7 24.3 
1962 -0.343 25 48.4 
1963 -0.217 8 14.9 
Regression 4 44.8 0.77b above 0.5 
Within years 89 58.3 
Adjusted means 93 233.5 4.04° 0.007 
'Common -0.312 4 57.8 
Total 97 
R^egression equations are given in Table 4. 
P^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is accepted. 
®F-value tests the null hypothesis that no differences 
exist among adjusted means for duration of morning flights in 
different years; the hypothesis is rejected. 
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Table 10, Analysis of covariance of time in relation to 
sunset associated with start of evening roosting 
flights of wood ducks during August-November, 
1959-1963 
Source of 
variation 
Regression 
coefficient 
Degrees 
of 
freedom 
Mean 
square 
F-
value 
Probability 
of a higher 
F-value 
1959 
1960 
1961 
1962 
1963 
0,451* 
0.306 
0,395 
0.599 
0,655 
15 
54 
44 
42 
32 
265.5 
219.5 
73.0 
156.4 
65.1 
Regression 
Within years 
4 
187 
389.5 
148.1 
2.63b 0.047 
Adjusted means 
Common 0,46? 
4 1,136.8 
191 
7.42° below 0.005 
Total 195 
•^Regression equations are given in Table 5. 
P^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is rejected at the 0.95 confidence level but 
accepted at the 0,99 confidence level, 
°F-value tests the null hypothesis that no differences 
exist among adjusted means for time of start of evening 
flights in different years; the hypothesis is rejected. 
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Table 11. Analysis of covariance of time in relation to 
sunset associated with peak of evening roosting 
flights of wood ducks during August-November, 
1959-1963 
Source of 
variation 
Regression 
coefficient 
Degrees 
of 
freedom 
Mean 
square 
P-
value 
Probability 
of a higher 
P-value 
• 1959 
i960 
' 1961 
1962 
1963 
0.384* 
0.091 
0.192 
0.195 
0.355 
15 
54 
44 
42 
32 
68.8 
65.4 
95.4 
74.1 
59.8 
Regression 
Within years 
4 
187 
179.8 
73.7 
2.44b 0.071 
Adjusted means 
Common 0,201 
4 
191 
282.8 
76.0 
3.720 0.009 
Total 195 
R^egression equations are given in Table 5. 
F^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is accepted. 
cp-value tests the null hypothesis that no differences 
exist among adjusted means for time of peak of evening 
flights in different years; the hypothesis is rejected. 
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Table 12. Analysis of covariance of time in relation to 
sunset associated with end of evening roosting 
flights of wood ducks during August-November, 
1959-1963 
Degrees Probability 
Source of Regression of Mean P- of a higher 
variation coefficient freedom square value F-value 
1959 0.246* 15 27.6 
i960 0.017 54 50.9 
1961 0.027 44 106.4 
1962 0.132 42 34.2 
1963 0.237 32 38.6 
Regression 4 156.3 2.78% 0.034 
Within years 187 56.3 
Adjusted means 4 159.8 2.740 0.035 
Common 0.095 191 58.3 
Total 195 
•^Begression equations are given in Table 5« 
P^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is rejected at the 0.95 confidence level but 
accepted at the 0.99 confidence level. 
cp-value tests the null hypothesis that no differences 
exist among adjusted means for time of end of evening flights 
in different years; the hypothesis is rejected at the 0.95 
confidence level but accepted at the 0.99 confidence level. 
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Table 13. Analysis of covariance of duration of evening 
roosting flights of wood ducks during August-
November, 1959-1963 
Source of 
variation 
Regression 
coefficient 
Degrees 
of 
freedom 
Mean 
square 
P-
value 
Probability 
of a higher 
P-value 
1959 
1960 
1961 
1962 
1963 
-0.565* 
-0.292 
-0.317 
-0.468 
-0.418 
15 
54 
44 
42 
32 
121.7 
148.5 
68.4 
130.4 
47.6 
Regression 
Within years 
4 
187 
316.0 
106.2 
2.98* 0.018 
Adjusted means 
Common -O.36I 
4 
191 
550.8 
110.6 
4.98® below 0.005 
Total 195 
R^egression equations are given in Table 5. 
F^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is rejected at the 0.95 confidence level but 
accepted at the 0.99 confidence level. 
cp-value tests the null hypothesis that no differences 
exist among adjusted means for duration of evening flights 
in different years; the hypothesis is rejected. 
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Table 14. Common linear regression equations for seasonal 
changes in times of wood duck roosting flights 
during mid-August to November, 1959-1963 
Degrees 
Regression equation of 
Event y=y+b(X-x) freedom t-value° 
Morning flight 
Start Y = -28 - 0.050(X - 267) 93 -1.50 
Peak® 
End Y - 8 - 0.363(X - 267) 93 -7.40* 
Duration Y = 20 - 0.312(X - 267) 93 -6.78* 
Evening flight 
Start Y = - 4 + 0.467(x - 270) 191 10.61* 
Peak Y 16 +,.0.201(X - 270) 191 6.48* 
End Y = 28 + 0.0.95(X - 270) 191 3.45* 
Duration Y = 32 - O.36I(X - 270) 191 9.63* 
R^egression equation is interpreted as follows: 
Y = number of minutes from sunrise or sunset at 
_ which the event occurs for a given value of X. 
y = mean number of minutes from sunrise or sunset at 
which the event occurred for the sample, 
X = day of the year numbered from January 1. 
b = sample regression coefficient; i.e., average 
change in minutes per day for time of the event. 
X = mean day of the year for the sample, 
t^-value tests the null hypothesis that the regression 
coefficient is zero; asterisk indicates rejection of the 
hypothesis at 0,95 confidence level. 
ccommon regression equation for all years can not be cal­
culated for peak of morning flight because analysis of covari-
ance showed differences among regression coefficients for dif­
ferent years significant at 0.99 confidence level. 
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Table 15. Besults of linear regression analysis of data 
showing seasonal changes in illiunination asso­
ciated with morning wood duck roosting flights 
during mid-August to November, 1959-1963 
Degrees 
Regression equation of 
Event Year Y=y+b(X-x) freedom t-value 
Start of 1959 Y 1.13 •  0.027(X -• 277) 12 2.27* 
morning i960 Y = -0.65 - 0.038(X - 266) 37 6.84* 
flight 1962 Y -0.93 - 0.029(X - 268) 25 7.85* 
1963 Y -0.27 - 0.065(X - 262) 8 8.72* 
Peak of 1959 Y 0.29 - 0.098(X - 277) 12 6.60* 
morning i960 Y = 0.27 - 0.056(X - 266) 37 6.72* 
flight 1962 Y 0.63 - 0.053(X - 268) 25 4.46* 
1963 Y 0.92 - 0.096(X - 262) 8 6.44* 
End of 1959 Y 3.61 - 0.177(X - 277) 12 5.20* 
morning i960 Y 2.70 -  0.075(x - 266) 37 6.30* 
flight 1962 Y = 3.30 - 0.085(X - 268) 25 6.27* 
1963 Y 3.16 - 0.125(X - 262) 8 8.03* 
BRegression equation is interpreted as follows: 
Y = illumination at which the event occurs for a 
_ given value of X, 
y = mean illumination at which the event occurred 
for the sample. 
b = sample regression coefficient. 
X = day of year numbered from January 1. 
X = mean day of year for the sample. 
All illumination values are given as logarithms to the base 2 
of foot-candles of incident light. 
t^-value tests the null hypothesis that the regression 
coefficient is zero; asterisk indicates rejection of the 
hypothesis at 0.95 confidence level. 
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Table l6, Results of linear regression analysis of data 
showing seasonal changes in illumination asso­
ciated with evening wood duck roosting flights 
during mid-August to November, 1959-1963 
Degrees 
Regression equation of 
Event Year Y=y+b(X-z) freedom t-value" 
Start of 1959 Y 5.40 0.089(X 280) 15 3.86* 
evening i960 Y = 4.70 - 0.071(X - 267) 54 7.18* 
flight 1962 Y = 4.78 - 0,068(X - 272) 42 10,10* 
1963 Y = 5.11 - 0.083(X - 272) 32 8,87* 
Peak of 1959 Y 2.30 — 0.076(2 _ 280) 15 3.33* 
evening i960 Y = 1.46 - 0.074(X - 267) 54 10,75* 
flight 1962 Y 1.37 - 0.060(X - 272) 4-2 6.94* 
1963 Y 0,82 - 0,064(X - 272) 32 11,21* 
End of 1959 Y = -0.68 — 0.035(x _ 280) 15 2.59* 
evening i960 Y = -0.33 - 0.051(X - 267) 54 7.99* 
flight 1962 Y -0.82 - 0.039(x - 272) 42 18.42* 
1963 Y -0.43 0.048(X — 272) 32 5.25* 
R^egression equation is interpreted as follows: 
Y = illumination at which the event occurs for a 
__ given value of X, 
y = mean illumination at which the event occurred 
for the sample. 
b = sample regression coefficient. 
X = day of year numbered from January 1. 
X = mean day of year for the sample. 
All illumination values are given as logarithms to the base 2 
of foot-candles of incident light, 
t^-value tests the null hypothesis that the regression 
coefficient is zero; asterisk indicates rejection of the 
hypothesis at 0,95 confidence level. 
167 
Table 17. Analysis of covariance of illumination associated 
with start of morning roosting flights of wood 
ducks during August-November, 1959-1963 
Degrees Probability 
Source of Regression of Mean F- of a higher 
variation coefficient freedom square value F-value 
1959 -0.027* 12 31.5 
i960 -0.038 37 43.6 
1962 -0.029 25 12.3 
1963 -0.064 8 7.0 
Regression 3 56.0 1.95b 0.14 
Within years 82 28.7 
Adjusted means 3 153.7 5.18® below 0,005 
Common -0.036 85 29.7 
Total 88 
R^egression equations are given in Table 15. 
F^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is accepted, 
®F-value tests the null hypothesis that no differences 
exist among adjusted means of illumination associated with 
start of morning flights in different years; the hypothesis 
is rejected. 
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Table 18. Analysis of covarianoe of illumination associated 
with peak of morning roosting flights of wood ducks 
during August-November, 1959-1963 
Source of 
variation 
Regression 
coefficient 
Degrees 
of 
freedom 
Mean 
square 
F-
value 
Probability 
of a higher 
P-value 
1959 
1960 
1962 
1963 
-0.098* 
-0.056 
-0.053 
-0.096 
12 
37 
25 
8 
49.5 
98.1 
122.2 
28.5 
Regression 
Within years 
3 
82 
188.7 
91.6 
2.06% 0.13 
Adjusted means 
Common -0.060 
3 
85 
481.0 
95.0 
5.06® below 0,005 
Total 88 
R^egression equations are given in Table 15. 
P^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; 
the hypothesis is accepted. 
cp-value tests the null hypothesis that no differences 
exist among adjusted means of illumination associated with 
peak of morning flights in different years; the hypothesis is 
rejected. 
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Table 19. Analysis of covariance of illumination associated 
with end of morning roosting flights of wood ducks 
during August-November, 1959-1963 
Degrees Probability 
Source of Regression of Mean P- of a higher 
variation coefficient freedom square value P-value 
1959 -0.177* 12 257.0 
i960 -0.074 37 198.1 
1962 -0.085 25 159.2 
1963 -0.125 8 31.0 
Begression 3 2,083.0 11.66^  below 0.005 
Within years 82 178.6 
Adjusted means 3 254.3 
Common 85 198.0 
Total 88 
B^egression equations are given in Table 15. 
bp-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is rejected. 
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Table 20. Analysis of covariance of illumination associated 
with start of evening roosting flights of wood 
ducks during August-November, 1959-1963 
Source of 
variation 
Regression 
coefficient 
Degrees Probability 
of Mean P- of a higher 
freedom square value F-value 
1959 
1960 
1962 
1963 
-0.089* 
-0.071 
-0.068 
-0.083 
15 
tz 
32 
127.2 
223.1 
96.1 
" 121.5 
Regression 
Within years 
.3 
143 
89.3 
168.3 
Adjusted means 
Common -0.074 
3 
146 
4,565.3 
156.9 
Total 149 
0.56^  
29.07° 
above 0,5 
below 0.005 
R^egression equations are given in Table I6. 
P^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is accepted. 
Gp-value tests the null hypothesis that no differences 
exist among adjusted means of illumination associated with 
start of evening flights in different years; the hypothesis 
is rejected. 
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Table 21. Analysis of covarlanoe of llliminatlon associated 
with peak of evening roosting flights of wood 
ducks during August-November, 1959-1963 
Source of 
variation 
Regression 
coefficient 
Degrees 
of 
freedom 
Mean 
square 
F-
value 
Probability 
of a higher 
F-value 
1959 
1960 
1962 
1963 
-0.076* 
-0.074 
-0.060 
-0.064 
15 
54 
42 
32 
172.4 
107.4 
139.1 
45.2 
Regression 
Within years 
3 
143 
76.3 
109.6 
0.69b above 0.5 
Adjusted means 
Common -O.O67 
3 
146 
816.7 
108.9 
7.50® below 0.005 
Total 149 
s-Begression equations are given in Table l6. 
bp-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is accepted. 
Gp-value tests the null hypothesis that no differences 
exist among adjusted means of illumination associated with 
peak of evening flights in different years; the hypothesis is 
rejected. 
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Table 22. Analysis of covariance of illumination associated 
with end of evening roosting flights of wood ducks 
during August-November, 1959-1963 
Degrees Probability 
Source of Regression of Mean F- of a higher 
variation coefficient freedom square value F-value 
1959 
1960 
1962 
1963 
-0.035® 
-0.051 
-0.039 
-0.048 
15 
54 
42 
32 
61.0 
91.9 
75.9 
119.6 
Regression 
Within years r
—
1 63.7 
77.8 
0.82^  above 0.5 
Adjusted means 
Common -0.046 
3 
146 
372.3 
77.5 
4.80® below 0
 
0
 
0
 
V
n 
Total 149 
•^Regression equations are given in Table 16, 
P^-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is accepted. 
Gp-value tests the null hypothesis that no differences 
exist among adjusted means of illumination associated with 
end of evening flights in different years; the hypothesis is 
rejected. 
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Table 23. Common linear regression equations for seasonal 
changes in illumination associated with wood duck 
roosting flights during mid-August to November, 
1959-1963 
_ Degrees 
Regression equation of 
Event Y=y+b(X-x) freedom t-value 
Morning flight -
Start Y = 
-0.75 - 0.036(X - 268) 85 10.44* 
Peak Y = 0.45 - o.o6o(x - 268) 85 10.07* 
End® 
Evening flight 
Start Y = 4.45 - 0.074(X - 270) 146 14.19* 
Peak Y = 1.39 - 0.067(X - 270) 146 11.21* 
End Y = -0.54 - 0.046(X - 270) 146 12.63* 
R^egression equation is interpreted as follows: 
Y = illumination at which the event occurs for a 
_ given value of X. 
y = mean illumination at which the event occurred 
for the sample. 
b = sample regression coefficient; i.e., average 
change in illumination per day. 
X = day of year numbered from January 1. 
X = mean day of year for the sample. 
All illumination values are given as logarithms to the base 2 
of foot-candles of incident light. 
bt-value tests the null hypothesis that the regression 
coefficient is zero; asterisk indicates rejection of the 
hypothesis at 0.95 confidence level. 
C^ommon regression equation for all years can not be cal­
culated for end of morning flight because analysis of covari-
ance showed differences among regression coefficients for dif­
ferent years significant at Ô.99 confidence level. 
174 
Table 24. Analysis of variance for fourth degree polynomial 
fitted to counts made at 11 one-week intervals 
during fall, I96O-I963» at 29 wood duck roosts in 
Mississippi River Pools 9, 10 and 11 
Source of variation 
Degrees 
of 
freedom 
Mean 
square 
F-
value 
Probability 
of a higher 
F-value 
Deviations from mean 10 54,621 
Linear regression 
Deviations 
1 
9 
59,160 
54,117 
1.09 0.3 
Quadratic regression 
Deviations 
1 
8 
444,956 
5,262 
84.56** 0,005-
Cubic regression 
Deviations 
1 
7 
380 
5,959 
0.07 0.5+ 
Quartic regression 
Deviation 
1 
6 
29,325 
2,065 
14.20* 0.02 
Quintic regression 
Deviations 
1 
5 
3,801 
1,718 
2.21 0.2 
F^-value tests the null hypothesis that the particular 
regression component is zero; single and double asterisks 
indicate rejection of the hypothesis at the 0.95 and 0.99 
confidence levels respectively. 
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Table 25. Average numbers of wood ducks per roost in 
Mississippi Biver Pools 9» 10 and 11 during 
the fall premigration period, 196O-1963 
Year 
Number of 
roosts in 
sample 
Date: 8/25 
Week: 1 
9/ 1 
2 
9/ 8 
3 
9/15 
4 
9/22 
5 
i960 7 451 512 631 782 920 
1961 8 211 267 350 377 487 
1962 6 111 289 384 534 608 
1963 4 95 163 220 690 726 
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Table 26. Analysis of covariance of numbers of wood ducks 
per roost in Mississippi River Pools 9, 10 and 11 
checked at weekly intervals during the fall 
premigration period, I960-I963 
Source of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square 
P-
value 
Probability 
of a higher 
F-value 
Total 19 1,045,483 
Linear 
regression 
Deviations 
1 
18 
599,760 
445,723 
599,760 
24,762 
24.22* 0.001 
Adjusted 
means 
Common 
3 
15 
326,085 
119,638 
108,695 
7,976 
13.63% 0.001 
Regression 
coefficients 
Within years 
3 
12 
58,394 
61,244 
19,465 
5,104 
3.72* 0.06 
P^-value tests the null hypothesis that the regression 
coefficient is zero; the hypothesis is rejected at the 0,99 
confidence level, 
F^-value tests the null hypothesis that there are no 
differences among years; the hypothesis is rejected at the 
0.99 confidence level. 
cp-value tests the null hypothesis that no differences 
exist among regression coefficients for different years; the 
hypothesis is accepted at the 0.95 confidence level. 
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Table 27. Wood duck roosting flight counts repeated on 
successive days at randomly selected roosts 
during mid-September, 1962 and I963 
Counts, Coefficient 
Year Boost of variation 
1=1,2 j=l,...,7 k=l,2,3 Xij, (per cent) 
1962 Yellow River 360 364 385 1109 5.8 
Wisconsin Biver 159 162 147 468 7.1 
Cattail Creek 33 36 39 108 11.8 
White Crossing 126 130 152 408 14.5 
Little Goose Pond 289 273 263 825 6.8 
Glass Lake 1016 1060 1095 3171 5.3 
Meyers Pond 527 560 562 1649 5.1 
1963 Yellow River 134 124 122 380 5.2 
Wisconsin River 204 228 216 648 5.6 
Little Good Pond 20 43 99 35.2 
Little Maquoketa 643 666 668 1977 2.1 
St. Paul Slough 701 696 712 2109 1.1 
Glass Lake 1270 1260 1273 3803 0.5 
Buck Greek 990 980 1000 2970 1.5 
i^l. ~ 7»738 1^2 = 11 ,986 X.. = 19,724 
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Table 28. Analysis of variance of wood duck roosting flight 
counts repeated on successive days at randomly 
selected roosts during mid-September, 1962-1963 
Source of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square 
F-
value 
Probability 
of a higher 
F-value 
Total 41 6,509,284 
Years 1 419,381 419,381 0,827* above 0,25 
Roosts 12 6,083,294 506,941 2,148% below 0,001 
Counts 28 6,609 236 
Hierarchal classification for mixed model with years 
fixed and roosts a normally distributed random variable 
F^-value tests the null hypothesis that no differences 
exist among means for different years; the hypothesis is 
accepted at the 0,95 confidence level. 
F^-value tests the null hypothesis that no differences 
exist among roosts within years; the hypothesis is rejected 
at the 0.99 confidence level. 
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Table 29. Peak premigration counts at roosts used by the 
wood duck population of Mississippi Hiver Pool 10 
Boost 1959 i960 1961 1962 1963 
St. Paul Slough* 316 1081 62 102 
Paint Creek 223 485 100 110 200^ *0 
Yellow Hiver 292 333 211 596 500° 
Wisconsin River 220 518 174 794 311 
Glass Lake 2840 868 1095 1273 
Buck Creek 700 450 18 50 1000 
Totals^  3500° 5200 2900 4500 3400 
®'Boost was in Pool 9» only wood ducks in the roosting 
flight from Pool 10 were counted. 
bpaint Creek marsh was dry in I963; wood ducks roosted 
in north Ambro Bottoms, 
E^stimate was used where data were incomplete. 
*^ Two significant digits were used. 
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Table JO, Banges and coefficients of variation for total 
numbers of wood ducks estimated from all possible 
nonreplacement samples from the six roosts used by 
the wood duck population of Mississippi River Pool 
10 during mid-September, I960-I963 
Banges (above) and coefficients of 
Sample variation (per cent) of estimated totals 
size Î95Ô 1961 19^ 2 19^  
n = 1 1,896-17,040 
103# 
600-6,486 
77# 
372-9,900 
81# 
612-7,638 
76# 
n = 2 1,947-10,620 
65# 
00 1 ON 
CM 0
0 
516-8,835 
51# 
906-6,819 
48# 
n = 3 1,400-8,116 
46# 
970-4,798 
34# 
1,536-7,478 
36# 
1,226-5,546 
34# 
n = 4 2,476-6,803 
33# 
2,030-3,915 
24# 
2,343-6,503 
26# 
1,670-4,626 
24# 
n = 5 2,822-5,851 
21# 
2,164-4,932 
15# 
3,188-5,334 
16# 
2,536-3,941 
15# 
n = 6 = N 5,192 2,884 4,507 3,384 
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Table 31. Confidence Intervals for percent changes from year 
to year in peak premigration numbers of wood ducks 
as indicated by all possible nonreplacement samples 
from the six roosts used by the wood duck popula­
tion of Mississippi River Pool 10 
Sample 95^  confidence interval for change from prior year 
size 1961 I963 
n = 1 undefined undefined undefined 
n = 2 undefined undefined undefined 
n = 3 undefined -84# to +1250# -90# to +617# 
n = 4 -85^  to +219# -57# to +440# -83# to +173# 
n = 5 -76# to +39# -26# to +225# -63# to +59# 
n = 6 = N +56# 
-25# 
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Table 32. Year-to-year changes in wood duck abundance 
indicated by all possible nonreplacement samples 
from the five roosts in Mississippi River Pool 10 
where the roosts in each sample were checked each 
year about September 20, I960-1963 
Per cent change from previous year 
Sample size Sample 196I 1962 1963 
n = 1 
n = 2 
n = 3 
n = 4 
n = 5 = N 
A 
-79 + 10 +82 
B 
-36 +182 -16 
C -66 +356 -61 
D -69 + 26 +16 
E 
-36 +311 -46 
AB -62 +127 - 1 
AC 
-63 +230 -43 
AD 
-71 + 24 +22 
AE +256 -39 
BC 
-55 +261 -42 
BD -66 + 57 + 5 
BE -36 +270 
-39 
CD -69 + 81 •16 
CE 
-49 +324 -50 
DE 
-63 +123 -23 
ABC -64 +209 
-33 
ABD -68 + 53 +10 
ABE -50 +236 -33 
ACD -60 + 75 -11 
ACE 
-67 +280 -45 
ADE 
-65 +115 -19 
BCD -64 + 98 -16 
BCE 
-56 +288 -44 
BDE -61 +232 -22 
CDE -63 +151 -31 
ABCD -68 + 92 -12 
ABCE -54 +258 -4o 
ABDE 
-63 +124 -19 
ACDE 
-65 +142 -28 
BCDE -61 +155 -29 
ABCDE -63 +147 -26 
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Table 33* Summary of results of coordinated counts at fall 
wood duck roosts, 1959-1964 
Scheduled date 
Number of 
observers 
Number of 
active roosts 
Number of wood 
ducks counted 
November 2, 1959 14 20 224 
September 22, i960 13 15 9,022 
October 3» I960 16 18 10,382 
September 25» 1961 18 22 9,926 
September 19» 1962 28 26 14,001 
September 23» I963 31 27 10,622 
September 21, 1964 20 21 7,278 
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Table 34. Coordinated counts at wood duck roosts about 
September 22, 1960-1964 
Number of wood ducks counted 
Boost Î95Ô Î9SÏ 19^ 2 Î953 1955 
Crooked Creek 
Wisconsin River 
Glass Lake 
Bertom Lake, 
Little Goose Pond 
Rice Lake 
Union Slough 
Average - 7 roosts, 1960-1964 
1003 1011 454 111 230 
518 174 794 291 290 
2840 550 1016 1273 551 
920 281 232 452 4o6 
303 378 560 185 367 
137 125 89 31 18 
133 315 41 553 1158 
836 405 455 414 431 
Lawrence Lake 402 26l I09I 429 
Goose Pond 1581 2396 1465 1624 
Average - 9 roosts, 1961-1964 535 649 607 563 
Buck Creek 
Little Maquoketa 
Browns Slough 
Squaw Creek Bluff 
Average - 13 roosts, 1962-1964 
I850 426 488 
528 749 253 
536 102 388 
317 116 35 
698 527 480 
Grant River 63 254 247 
Swift Chute 236 288 
Keithsburg 289 91 
North Colyn I68 I63 
Noble Lake 326 l4o 
Average - 18 roosts, 1963-1964 451 398 
St. Paul Slough 316 1081 1110 712 
Yellor River 110 25 596 245 
Green Island 1485 1925 636 287 
Mickelsons 503 563 39 197 
Cardinal Marsh 192 103 244 133 
Average - 12 roosts. 1960-1963 705 544 484 373 
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Table 34, (continued) 
Number of wood ducks counted 
Roost i960 1961 1962 1963 1964 
Statehouse 
Bur Oak Lake 
119 
566 
148 
316 
231 
199 
Average - 16 roosts, 1961-1963 575 558 466 
Meyers Pond 377 344^  
Average - 17 roosts, 1962-1963 597 438 
Paint Greek 
Goose Lake 
299 
56 
100 
135 
59 
282 
Average - 14 roosts, 1960-1962 630 483 439 
Pollio Pond 
Sweet Marsh 
Daytonvllle 
Launson 
Big Lake 
White Crossing 
Cattail Creek 
Osage 
Brenton Slough 
225 
485 
350 
96 
43 
505 
152 
39 
314 
359 
164 
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Table 35* Besults of coordinated counts by all observers at 
all wood duck roosts checked about September 22, 
1960-1964 
Number Average number of Per cent change 
Year of roosts wood ducks per roost from prior year 
i960 15 601 
1961 22 451 -25 
1962 26 539 +19 
1963 27 394 -27 
1964 21 368 -10 
Table 36 Comparisons of coordinate counts made 
wood duck roosts in consecutive years 
September 22, I960-I964 
at the same 
about 
Year 
Number 
of roosts 
compared 
Number of 
wood ducks 
this year 
Number of 
wood ducks 
last year 
Per cent 
change from 
prior year 
1961 13 6,203 9,412 -34 
1962 19 10,302 9,724 + 6 
1963 21 9,035 13,064 -31 
1964 18 6,205 7,604 -18 
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Table 37» Roosting flight count index to wood duck population 
changes in northeast Iowa and the upper Mississippi 
River study area, 1959-1964 
Year 
Index 
value 
Per cent 
change from 
prior year 
Number 
of 
roosts 
Number of 
wood ducks 
this year 
Number of 
wood ducks 
last year 
1959 100 base year 6 2,078 
i960 132.6 +33 6 2,756 2,078 
1961 79.4 -40 14 7,111 11,875 
1962 93.1 +17 17 10,001 8,527 
1963 78.2 -16 18 10,457 12,447 
1964 72.7 - 7 12 4,366 4,700 
Table 38. Comparisons of different methods of estimating 
year-to-year fluctuations in wood duck abundance, 
all based on roosting flight counts made during 
premigration period about September 20, 1959-1964 
Method of estimating 
year-to-year trend Per cent change from prior year 
in wood duck abundance^  i960 1961 1962 I963 1964 
Roosting flight count index +30 -40 +17 -16 - 7 
All coordinated counts 
-25 +19 -27 -12 
Comparable coordinated counts 
-34 + 6 -31 -18 
Mississippi River 
+48 Pool 10 counts —44 +55 -25 
D^etailed descriptions of methods are given in the text. 
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Table 39» Spring use of fall wood duck roosts as determined 
by roosting flight counts on the Upper Mississippi 
Refuge and adjacent areas, 1962 
Boost 
March 
20-31 
April 
1-15 
April 
16-30 
May 
1-15 
May 
16-3: 
Paint Creek 32 64 87 117 51 
Yellow River 31 29 27 84 48 
Wisconsin River 18 21 19 21 15 
Glass Lake 22 9 6 4 10 
Bertom Lake 12 7 6 5 8 
Pollic Pond 38 17 15 10 10 
Green Island 66 70 72 50 50 
White Crossing 33 22 40 58 50 
Total wood ducks 252 239 272 349 242 
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Table 4o, Morning and evening wood duck flight counts 
repeated on successive days at mouths of 
tributaries of Mississippi Biver Pool 10 
during spring, I962 
Time of Number of 
count Stream Date wood ducks 
Morning Yellow River April 25 40 
April 26 ko 
April 27 43 
Bloody Run May 12 18 
May 13 21 
May l4 21 
Paint Creek May 17 59 
May 19 48 
May 20 51 
Evening Paint Creek April 11 80 
April 12 86 
April 13 89 
Wisconsin Hiver April 28 19 
April 30 • 23 
May 4 21 
Sny-Magill Creek May 11 32 
May 12 33 
May 13 37 
Buck Creek May 15 52 
May 16 59 
May 17 55 
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Table 4l. Analysis of variance of morning and evening wood 
duck flight counts repeated on successive days at 
mouths of tributaries of Mississippi River Pool 10 
during spring, I962 
Degrees 
Time of Source of of Sum of Mean 
count variation freedom squares square F-value 
Morning Total 8 1,721 
Streams 2 1,644 
Error 6 77 12,8 1.2^ , 
Evening Total 11 7,127 
Streams 3 7,038 
Error 8 89 11,1 
R^atio of error mean squares tests null hypothesis that 
there is no difference in variances between morning and eve­
ning counts. Critical value at 95 per cent level of confi­
dence is 3.6 with 6 and 8 degrees of freedom. Therefore, the 
hyDothesis is accepted. 
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Table 42. Wood duck flight counts collected at mouths of 
tributaries on the Upper Mississippi Refuge 
during the third week of April, 19&3-1964 
Wood ducks Per cent 
Pool Plight 1963 1964 change 
5 Indian Creek 22 7 
5 Whitewater River 214 350 
6 Cedar Creek 15 6 
Total - Winona-Trempealeau Districts 251 363 +45 
7 Dakota Creek 15 8 
8 Root River 17 49 
8 Wildcat Creek 44 31 
Total - La Crosse District 76 88 +16 
9 Crooked Creek 88 89 
9 Village Creek 36 68 
9 Wexford Creek 62 14 
Total - Lansing District 186 171 - 8 
10 Picatee Creek 27 2 
10 Paint Creek 73 18 
10 Yellow River 94 40 
10 Bloody Run 30 11 
10 Sny-Magill Creek 48 14 
10 Buck Creek 91 38 
10 Sandy Creek 23 4 
10 Chase Creek 9 14 
Total - Prairie du Chien District 395 141 —64 
11 Miners Creek 29 12 
11 Turkey River 16 22 
11 Little Maquoketa River 19 15 
Total - Cassville District 64 49 -23 
12 Catfish Creek 33 19 
12 Tete des morts River 39 7 
13 Maquoketa River 27 16 
13 Elk River 11 14 
Total - Savanna District 110 56 -49 
Grand total - All districts 1082 868 -20 
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Table 43. Wood duck flight counts and river float counts 
from three eastern Iowa streams, spring, 1962 
Stream Date Flight count Float count 
Paint Creek April 11 80 78 
April 12 86 137 
April 13 89 86 
Little Maquoketa River April 17 19 61 
April 18 18 45 
April 19 12 27 
Yellow River April 25 40 92 
April 27 40 115 
May 1 43 85 
Table 44. Analysis of variance of flight counts and river 
float counts from three eastern Iowa streams in 
spring, 1962 
Degrees 
Source of of Sums of Mean 
Census method variation freedom squares square F-value 
River float Total 8 9,074 
counts Streams 2 5,954 
Error 6 3,140 
Flight counts Total 8 7,336 
Streams 2 7,259 
Error 6 77 
R^atio of error mean squares tests null hypothesis that 
there is no difference in variances between the two census 
methods. Critical value at 99 per cent level of confidence 
is 11 with 6 and 6 degrees of freedom. Therefore, the hypoth 
esis is rejected, and the larger variance of float counts is 
recognized. 
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Table 4-5. Nesting population of wood ducks associated with 
Mississippi River Pool 10, I962-I963 
Area 
Square miles 
of wood 
duck habitat 
Wood duck pairs 
1962 1963 
Mississippi River bottoms 
Harpers 12.5 45 40 
Ambro 8.3 30 40 
Horseshoe-Wisconsin River 5.8 20 30 
Wyalusing 2.0 10 10 
Sny-Magill 4.4 15 15 
Bagley 5.7 25 25 
French Island 3.5 10 20 
Guttenberg 7.2 10 10 
Total - bottoms 49.4 165 190 
Major tributaries (navigable by canoe) 
Paint Creek 45 40 
Yellow River 40 55 
Wisconsin River (lower 5 miles) 50 45 
Total - major tributaries 135 140 
Minor tributaries (not navigable by canoe) 
First creek south of west end of Dam 9 I6 I3 
Du Charme Creek 4 I5 
Picatee Creek 4 9 
Bloody Hun 6 11 
Sny-Magill Creek 20 22 
Sandy Creek 11 12 
Chase Creek 5 4 
Buck Creek 14 14 
Total - minor tributaries 80 100 
Intermittent watercourses (20) 60 30 
Sample: 6 in 1962; 8 in I963 
Bluff faces (60 miles). Sample; 6 miles 40 70 
Total nesting on the refuge (Pool 10) I65 190 
Total nesting off the refuge 
but associated with Pool 10 315 340 
Grand total nesting population 480 530 
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Table 46. Sex ratios of wood ducks observed on the Upper 
Mississippi Refuge and adjacent areas during 
spring, 1962-1963 
March April April May May 
Observation Year 15-31 1-15 16-30 1-15 16-31 
Number of wood 1962: 338 954 596 422 271 
ducks classified 1963: 136 14? 206 122 210 
Males per 100 1962: 110 128 170 160 160 
females 1963: 113 127 145 160 200 
Per cent pairs 1962: 95 88 69 65 53 
1963: 92 84 65 49 40 
Per cent 1962: 5 12 28 29 " 36 
unattached males 1963: 7 14 27 38 44 
Per cent 1962: 0 0 3 6 11 
unattached females 1963: 1 2 8 13 16 
O^bservations are included only if sex of every member 
of the flock was determined. 
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Table 4?. Summary of all counts at wood duck roosts during 
August-November, 1959-1964 
High 
Boost Counts count Comments 
Bertorn Lake 27 1,004 
Big Lake 4 92 High count was incomplete 
Big Marsh 3 215 High count was incomplete 
Brenton Slough 3 368 High count was incomplete 
Browns Slough 4 536 All counts by a cooperator 
Duck Creek 16 1,850 
Bur Oak Lake 13 566 
Buzzard Marsh 2 1^ 5 High count was incomplete 
Cardinal Marsh 14 261 Roost marsh was dry in 1964 
Cattail Creek 4 39 "Over 500" reported in i960 
Coralville 5 700 All counts by a cooperator 
Crooked Creek 21 1,585 
Daytonville 16 718 Drained in November, 196O 
Doty Pond 5 10 Abandoned in I96O 
Foley Pond 1 300 Reported by a cooperator 
Glass lAke 52 2,840 
Goose Lake 14 282 
Goose Pond 17 2,396 Same location since 1950 
Grant fiiver 8 254 High count was incomplete 
Green Island 16 5,400 Highest count of all roosts 
Keithsburg 2 289 All counts by a cooperator 
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Table 4?. (continued) 
Boost Counts 
High 
count Comments 
Launsen 3 180 "1,000*8" reported in 1950*s 
Lawrence Lake 6 1,091 High count by a cooperator 
Little Goose Pond 26 1,012 Same location since 1950 
Little Maquoketa 22 808 Roost established in I96I 
Meyers Pond 10 749 Roost marsh was dry in 1964 
Mickelsons 15 1,173 
Muskrat Lake 8 17 Martin (1959) reported 300 
Noble lake 2 326 Both counts by a cooperator 
North Colyn 8 276 High count by a cooperator 
Osage 2 314 Both .counts by a cooperator 
Paint Creek 82 785 Roost marsh was dry in 1963 
Pollic Pond 16 1,820 Boost marsh was dry in I963 
Bice Lake 13 203 
St. Paul Slough 39 1,100 Only 10 counts were complete 
Spring Lake 2 80 High count was incomplete 
Squaw Creek Bluff 12 317 All counts by a cooperator 
Squaw Creek Main 5 2^ 5 All counts by a cooperator 
Statehouse 6 231 High count by a cooperator 
Sweet Marsh A 12 359 High count by a cooperator 
Sweet Marsh C 7 541 High count by a cooperator 
Swift Chute 3 482 
Union Slough H-1 3 15 High count was incomplete 
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Table 47. (continued) 
Boost Counts 
High 
count Comments 
Union Slough H-3 45 650 High count by a cooperator 
Union Slough H-5 7 1,291 High count by a 00operator 
Wagner Township 4 200 Only roost less than 1 acre 
Welse Slough 3 2,250 Highest "inland" roost count 
White Crossing 6 152 "Over 1000" reported in 196I 
Winneshiek Lake 3 366 High count was incomplete 
Winneshiek Slough 8 244 Only one complete count 
Wisconsin River 53 885 
Yellow Hiver 90 596 
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Table 48. Age and sex of wood ducks captured by drive-
trapping of roosts at night 
Adult Juvenile Unelass-
Date Roost Male Female Male Female ified 
X- 2-61 Paint Creek^  1 1 
X- 5-61 Eur Oak Lake^ * ° 1 1 
IX-13-62 Goose Pond^  1 
IX-14-63 Swift Chute 1 
IX-27-63 Yellow River® 
X- 3-63 Yellow River^  1 4 5 
X- 4-63 Yellow River 
*One blue-winged teal was also captured. 
T^en coots were also captured, 
°The author did not participate in two attempts to drive-
trap this roost a week earlier when l6 adult males, 7 adult 
females, 8 juvenile males and 3 juvenile females were reported 
captured in the two drives. 
T^hirty-five turtles were captured. 
®Yellow River roost was located at Flat Lake. 
fone green-winged and two blue-winged teal were caught. 
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Table 4-9. Be commended sample for computing the roosting 
flight count index to wood duck abundance on 
the Upper Mississippi Refuge in September, 1965 
Sampling unit^  (roosts) 1964 count Suggested observer^  
Lawrence Lake 429 Lacrosse Dist. Mgr. 
Crooked Creek 230 Lansing Dist. Mgr. 
Wisconsin River 290 Prairie Dist. Mgr. 
Glass Lake 551 Prairie Dist. Mgr. 
Buck Creek 488 Prairie Dist, Mgr. 
Bertom Lake 406 Cassville Dist. Mgr. 
Grant River 24? Cassville Dist. Mgr. 
Little Maquoketa River 253 Cassville Dist. Mgr. 
Mickelsons Landing 197 Savanna Dist. Mgr. 
Total 3,091 
Replacement units® 
L^ocations of sampling units are given in Table 3» 
S^uggested observers may find valuable assistance is 
available from other persons in their areas; e.g., Wisconsin 
Conservation Officer Bill Hiebing is intimately familiar with 
the Wisconsin River roost. 
°As many known roosts (Table 3) as possible should be 
checked on the refuge; especially recommended roosts are 
Statehouse, St. Paul Slough (from the roost center). Yellow 
River (Flat Lake), White Crossing, and Green Island. Addi­
tions to the list of known roosts are especially needed for 
the refuge area north of Pool 9. 
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Table 50» Recommended sample for computing the roosting 
flight count index to wood duck abundance in 
Iowa in September, 19^ 5 
a 1964 
Sampling unit (roost) count Suggested observer" 
Union Slough (all units) 
Rice Lake 
Sweet Marsh A, C, and Meyers 
Little Goose Pond 
Goose Pond 
Browns Slough and N. Colyn 
Brenton Slough 
Nobles Lake 
Total 
Replacement units® 
1,158 Union Slough Ref, Mgr. 
18 Rice Lake Unit Mgr. 
359 Sweet Marsh Unit Mgr. 
367 Louisa Refuge Mgr. 
1,624 Lake Odessa Unit Mgr. 
551 Colyn Unit Mgr. 
164 
140 Missouri Valley Unit Mgr. 
4,381 
Locations of sampling units are given in Table 3* 
A^dequate numbers of observers can be recruited from the 
Biology Section and Unit Managers of the Iowa State Conserva­
tion Commission. Conservation officers and federal refuge 
managers may often be valuable observers. 
©Replacement units should include known roosts (Table 3) 
such as Bur Oak Lake, Cardinal Marsh, Goose Lake, Wiese 
Slough, Green Island, and Osage. Additions to the list of 
known roosts are especially needed from western Iowa. 
